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ABSTRACT 
A phytochemical study of regional members of five genera of the family 
Asteraceae was performed in search of bioactive natural products. The aerial parts of 
Garberia heterophylla, an endemic of the Florida central ridge scrub, were investigated 
and afforded the known guaianolide-type sesquiterpene lactone eupahakonesin, 2,6-
dimethoxybenzoquinone, epifriedelinol and the novel diterpene, garberic acid. Aerial 
parts of Polymnia uvedalia provided three kaurane-type diterpenes, (-) kaur-16-en-19-
oic acid, 3P-angeloyloxy-kaur-16-enic acid, 18-angeloyloxy-kaur-16-enic acid and two 
melampolides, enhydrin and 2', 3'-dehydromelnerin A. The molecular structure of 
enhydrin was determined by single crystal X-ray diffraction. Verbesina virginica roots 
contained three eudesmane p-coumarate, 6(3-p-coumaroyloxy-eudesm-4(15)-ene, 6(3-p-
coumaroyloxy-eudesm-4(3)-ene, 6p-p-coumaroyloxy-4p-hydroxyeudesmane and 
borneol p-coumarates. Extracts of roots of Coreopsis tinctoria and C. intermedia 
provided phenylpropane derivatives, l'-isobutyryloxyeugenol-4-isobutyrate, its 1'-
acetate and the phenylpropanol derivative. The flowers of C. tinctoria afforded methyl 
p-coumarate. Local Erigeron annus gave 3-hydroxy-4-pyrone and three Louisiana 
species, E. strigosus , E. vernus, and E. procumbens and one Florida species, E. 
quercifolius Lam provided c/,s,c/.v-matricaria ester, dihydro-m-matricaria ester and one 
acetophenone derivative. 
Water washes of leaves of the Florida endemic Ceratiola ericoides 
(Empetraceae) gave the chalcone ceratiolin and its molecular structure was established 
xii 
by single crystal X-ray diffraction. The mechanism of photochemical allelopathic 
activation of ceratiolin was studied by time-dependent spectrophotometric 
measurements of its aqueous solution, indicating that the degradation of ceratiolin is a 
facile photochemical process. GC-MS analysis of the photolysis products of ceratiolin 
indicated hydrocinnamic acid and photorearranged cyclopentenone derivatives. 
In search for biologically active natural products, thirteen sesquiterpene lactones 
as well as five other natural products from higher plants were tested for anti­
inflammatory activity against RAW 264.7 cell line. The sesquiterpene lactones 
parthenolide and encelin showed the highest activity and other sesquiteipene lactones 




1.1. BIOLOGICAL ACTIVITIES OF NATURAL PRODUCTS 
For centuries, plants have been used as sources for medicine in many different 
cultures. Even today, about 25% of drugs currently used in Western medicine are 
derived from plants. This is because many plants contain phamacologically active 
compounds. 1 For example, in Indian traditional medicine, Bauhinia vahlii has been 
used as both an anti-tubercular and an anti-scrofulous agent2 and a weed, Artemisia 
annua L. had long been used as a tradition Chinese herbal medicine for the treatment of 
fever.3 In North America, many plants of the large Asteraceae family (sunflower 
family) have been extensively used for different medicinal purposes by native 
Americans.4 Both chemical and clinical research has been performed on plants used in 
traditional medicinal plants with marked success in the areas of antithrombotic 5 and 
anti-cancer activities.5'6 Therefore, choosing specific plants for chemical investigations 
is often based on their use in traditional medicine since they are most likely to produce 
pharmacologically active compounds.7 Utilization of a plant as a source for medicinals 
requires extensive research by botanists, pharmacologists, chemists and toxicologists. 
The approach to analysis of a plant involves several important steps, which are namely: 
1) Selection, collection and identification of the plant material 2) Extraction of the plant 
material and separation of pure compounds using various analytical separation 
methods, and 3) Testing of the isolated pure compounds for biological activity 
combined with simple chemical reaction to prepare derivatives for structure/activity 
relationship studies.8 A procedural scheme in search for bioactive natural products is 
given in Scheme. I. I. 
structure elucidation toxicology 




structure modification bioassay 
Scheme. I. 1. Method for obtaining active compounds from plants. 
A major area of research is the search for bioactive natural products with 
antitumor, antiviral and antiinfective activity.9'10 Among the plant-derived antitumor 
and cytotoxic agents, many terpenoids (sesquiterpenes and diterpenes) and alkaloids 
(pyrrolizidine alkaloids, isoquinoline alkaloids, indole alkaloids) have shown activities 
in laboratory bioassays.11 
Table I. 1 summarizes the relationship between the structural types of natural 
products and the amount of biological activity within each class. Although this data is 
nearly 20 years old, it gives a representative summary of the frequency of bioactivity of 
different classes of natural products.12 
Among the large number of structural types of natural products, only the 
polyacetylenes, sesquiterpene lactones and diterpenes will be briefly reviewed in this 
introduction. 
: extraction . 
[ medicinal plant J [ extract) 
\ 
bioassay 
Table I. 1. Summary of classes of plant products showing biological activity. (Cited 
from ref. 12). 
Class of compound Total 
No. 
Class of compound Total 
No. 
Class of compound Total 
No. 
Alkaloids 73 Monoterpenes 13 Thiophenes 2 
Sesquiterpenes 47 Simaroubolides 9 Sulfides 2 
Diterpenes 26 Phenolic acids 8 Nitro derivatives 2 
Triterpene saponins 22 Amino acids 8 Phenylpropanoids 2 
Triterpenes 18 Lignans 6 Steroid saponins 2 
Flavonoids 18 Carbocyclic compds 5 Cardenolides 2 
Coumarins 15 Benzenoid deriv. 4 Cyano derivatives 1 
Quinones 15 Fatty acid and esters 4 Naphthalenes 1 
Sterols 17 Isothiocyanates 2 Xanthones 1 
I. 2. POLYACETYLENES 
Polyacetylenes are widely distributed in nature and are especially common in 
plants of the sunflower family (Asteraceae) and the Umbelliferae (e.g. parsley and 
carrot). Many of these fatty acid derivatives have antibacterial, antiviral and 
nematicidal activities but their high toxicity generally precludes their therapeutic 
application. 
Biogenetically, polyacetylenes are derived from acetyl -SCoA and malonyl-
SCoA formed by reductive modification of saturated fatty acid precursors (Fig. I. 1). 
Determining the biosynthetic pathway of polyacetylenes involved studies with [1-14C]-
acetate. For instance, use of this precursor resulted in the labeled acetylenic ester 1 
which was uniformly labeled at alternate carbon atoms of the polyacetylene chain. In 
another study, it was shown that crepenynic acid (2) is derived by desaturation of the 




CH3 (CH2)i6 C02H • CH3 (CH2)7 CH =CH (CHa)7 COaH 
3 4 
*»• CH3 (CH2)4 CH =CH CH2 CH = CH (CH2)7 C02H 
CH3 (CH2)4CSC CH2 CH = CH (CH2)y COaH 
2 
Fig. I. 1 Biosynthesis of polyacetylenes. 
There are several reviews dealing with the distribution of acetylenes and related 
compounds in plants.13'14,15 More recently, several reviews have appeared which list 
all acetylenes and related compounds such as polyenes, unsaturated hydrocarbons, 
thiophenes, isocoumarins, lactones, alkamides, sulfur compounds and cumulenes found 
in the family Asteraceae.16,17'18 
Concerning the biological activities of polyacetylenes, there was a recent report 
about the isolation of two polyacetylenes (5, 6) (Fig. I. 2) from Bidens campylotheca 
Schultz Bip. ssp campylotheca (Asteraceae, Heliantheae), which is a traditional 
Hawaiian folk medicine for the treatment of general debility of the body as well as 
throat and stomach disorders19 and anti-inflammatory activity.20 Two polyacetylenes 
isolated from Artemisia borealis, heptadeca-l,9(Z),16-trien-4,6-diyn-3,8-diol (7) and 
heptadeca-l,9(Z),16-trien-4,6-diyn-3-ol (8), exhibited antifungal activity. Compound 8 
showed high activity in the brine shrimp assay and also exhibited larvicidal activity 
against the yellow fever mosquito Aedes aegypti.21 Strong cytotoxic activity against 
leukaemia cells in tissue culture of the C17-polyacetylenes named PQ-7 (9) and PQ-4 
(10) have been reported, their cytotoxic activity being 20 times higher than the C14-
polyacetylene PQ-5 (ll).22'23 Some acetylenes show phototoxicity, that is, UV-light is 
required for their toxicity or biological activity. Phenylheptatriyne (12), which has 
been isolated from Centaurea deusta Tenore, is phototoxic to several microorganisms 
and is also active as an insect antifeedant. a- Terthienyl (13) also shows phototoxicity 
to microorganisms , viruses and insects.24 The allelopathic activity test of compound 
14 and 15 from Chtysoma pauciflosculosa resulted in the inhibition of germination of 
lettuce (Lactuca sativa) and the two grasses little bluestem (Schizachyrium scoparium) 
and sprangletop (Laptochloa dubia).25 It was found that 16-heptadecyn-l,2,4-triol (16) 
has root promoting activity of mung bean cutting.26 
Since polyacetylenes show a broad spectrum of biological activities, the 
isolation of polyacetylenes from regional members of the genus Erigeron, commonly 
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Fig. I. 2. Biologically active polyacetylenes (fig. con'd). 
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1.3. DITERPENES 
The very large group of diterpenes with the major subgroups, labdanes, 
clerodanes, abietanes and kauranes are common in the Asteraceae family, but are wide­
spread in other higher plant families i.e. Annonaceae, Aristolochiaceae, Cistaceae and 
others.27 
Biogenetically, the diterpenes, which typically consist of 20 carbon compounds, 
are derived from geranylgeranyl pyrophosphate which originates from acetate via 
mevalonic acid.28 Different modes of cyclization of the geranylgeranyl pyrophosphate 
result in the formation of several major skeletal types of diterpenes (Fig. I. 3). 
Cyclizations of geranylgeranyl pyrophosphate provide the labdane skeleton from which 
by further methyl shifts the clerodanes can be derived. The labdane skeleton is also 
considered the biogenetic precursor for the other major skeletal types of diterpenes, as 
outlined in Fig. I. 3. 
' QO2M0 
14 2,3-(Z), 8,9-(Z) 
15 2,3-(E), 8,9-(Z) 
Geranyl geranyl pyrophosphate Labdane 
Abietane Pimarane Clerodane 
Beyerane Kaurane 
Fig. I. 3. Major types of diterpenes. 
Concerning the biological activities of diterpenes (Fig. I. 4), abietane acids play 
a major role. Antimicrobial, antiulcer and cardiovascular activities are the most 
representative biological actions for abietane acids.29 Compound 18 (pisiferic acid) and 
its derivatives show antimicrobial actions against Gram-positive bacteria. For the 
structure-activity relationship study, the authors propose that the hydroxyl group at the 
C-12 position seems to be a requirement for activity against Gram-positive bacteria. In 
another study, the antimicrobial activities of abietane diterpene and their structure-
activity relationship showed that compounds 19 and 20 have antimicrobial activity 
against Bacillus subtilis and Staphylococcus aureus. They also suggest that the free 
catechol group is essential for this activity. With the extra hydroxyl group at C-6 or C-
7 and/or a hydroxy-methylene group or acetate group at C-16 reduced the antimicrobial 
activity of 19 and 20.30 
Recently, the cytotoxic and antibacterial activity of the labdane-type diterpenes 
21, 22 and 23 was reported. These compounds were obtained from Cistus incanus 
subsp. creticus which is used in folk medicine in the Mediterranean region. They 
showed a significant activity against the proliferation of many cell lines of bacteria and 
fungi and they also exhibited strong cytotoxic effects.31 
Several ent-kaurane derivatives isolated from the leaves of Solidago species 
influence feeding behavior of both the larvae and adults of Trirhabda canadensis 
(Coleoptera, Chrysomelidae). Kaurane-type diterpenes, (-)-kauran-16-ol (24) and 17-
hydroxy-(-)-kaur-15-en-19-oic acid (25), reduced feeding in the larvae by 40 percent 
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26 27 28 
Fig. I. 4. Biologically active diterpenes (fig. con'd). 
29 R,=H, R2=CHO 
30 R]=H, R2=CH3 
31 
activity of the kaurane type diterpene 26, 27 and 28 from Salvia and Sideritis species 
were reported.33 
In a recent review,34 clerodane diterpenes from the plant genus Ajuga were 
reported to exhibit insect antifeedant and growth regulatory activity. The diterpene 16-
oxo-cleroda-3,13(14)Z-dien-15-oic acid (29), kolavenic acid (30) and 16a-hydroxy-
cleroda-3,13(14)Z-dien-15,16-olide (31) showed toxicity in the brine shrimp bioassay. 
Furthermore, they inhibited the growth of crown gall tumors on potato discs and also 
showed cytotoxic effects in human tumor cell lines.35 
The various biological activities of the diterpenes described above strongly 
suggest to search for further structurally novel diterpenes with possible bioactivity. 
I. 4. SESQUITERPENE LACTONES 
Sesquiterpene lactones are terpenoids which normally consist of 15 carbons 
composed of 3 isoprene units commonly bearing an a-methylene-y-lactone group. 
Biogenetically, sesquiterpene lactones are derived from trans, rra/is-farnesyl 
pyrophosphate which is the basic precursor for this structurally diverse group of 
sesquiterpenes. As shown in Fig. I. 5, cyclization of trans, fra/zs-farnesyl 
pyrophosphate and subsequent oxidative modifications combined with further 
cyclizations result in the major skeletal types of lactones which are listed according to 
their carbocyclic skeletons. Sesquiterpene lactones are common constituents of the 
Asteraceae (Compositae) family. However, they have also been obtained from other 
angiosperm families such as Acanthaceae, Amaranthaceae, Menispermaceae, 
Illiciaceae, Magnoliaceae, Lauraceae and Winteraceae.36 '37'38 
The large class of sesquiterpene lactones with over 4000 known compounds are 
of interest not only for their structural diversity39 but they also exhibit a wide range of 
biological activities.40'41 Because of the wide spectrum of biological activities of the 
sesquiterpene lactones, they have received considerable attention during the last two 
decades. Sesquiterpene lactones are one of the largest groups of natural products with 
cytotoxic and antitumor activities. It was found nearly 25 years ago that the cytotoxic 
effects are due to the exocyclic methylene y-lactone function.42 Therefore, the presence 
of the alkylating a-methylene-y-lactone group appears to play a major role in general 
cytotoxicity and anti-tumor activity. However, because of their high general toxicity, 
further clinical testing had not been performed.43' 44 Fig. I. 6 includes several 
sesquiterpene lactones (32, 33, 34) that exhibit anti-tumor activities.45' 46 Many 
sesquiterpene lactones show anti-bacterial properties. The eudesmanolides sivasinolide 
(35), 8A-hydroxyanhydroverlotorin (36) and isospeciformin (37) from Tanacetum 
densum subsp. sivasicum exhibit antibacterial activity against Bacillus subtilis and 
Klebsiella pneumoniae:47'48 Another eudesmanolide, lp,4a,6a-trihydroxyeudesm-ll-
en-8a, 12-olide (38) from Tanacetum densum subsp. amani also showed weak 
antimicrobial effects.49 Members of different skeletal types of sesquiterpene lactones 
have plant growth regulatory activity,50 inhibiting or stimulating the germination and/or 
growth of other plants.51,52 For instance, the guaianolide 39, obtained from Saussurea 
lappa was found to have considerable plant growth regulatory activity, particularly at 
low concentrations (5mg/l).53 In another study, witchweed germination stimulation by 
a mixture of two eudesmanolide, santamarin (40) and reynosin (41) displayed the 
highest activity.54 The germacranolide sesquiterpene lactone, dihydroparthenolide (42) 
has also shown to promotes witchweed germination at concentrations as low as 10" 
9M.55 TWO eudesmanolides, encelin (43) and farinosin (44), and its acid derivatives 
(45) from Encelia species showed antifeedant activity against larvae of the polyphagous 
Spodoptera littoralis.56 The fact that encelin (43) showed the highest activity supports 
the proposal that a-methylene-y-lactone moiety plays a major role in bioactivity. 
Sesquiterpene lactones exhibit potent antiinflammatory activity. In a screening 
of sesquiterpene lactone for antiinflammatory activity, scandenolide (46) was tested and 
it showed the inhibition of the lipoxygenase products LTB4.57 As shown for the potent 
anti-inflammatory compounds 46-47,58 the a-methylene-y-lactone moiety of the 
sesquiterpene lactone is essential for anti-inflammatory activity, since the saturation of 
the methylene y-lactone group resulted in the loss of activity.59 
Although numerous papers have been concerned with the biological activities of 
sesquiterpene lactones such as antitumor activity, antibiotics, allergic contact dermatitis 
in man,60 insect feeding deterrents, vertebrate poisoning61 and plant-growth inhibitors, 
it seems that their anti-inflammatory activity require further studies. Therefore, we 
have studied several sesquiterpene lactones for their anti-inflammatory activity and the 
results will be discussed in Chapter IV. 
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Fig. I. 5. Biogenetic relationships of major skeletal types of sesquiterpene lactones. 










ISOLATION AND STRUCTURE ELUCIDATION OF NATURAL 
PRODUCTS FROM THE FAMILY ASTERACEAE 
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H. 1. A NOVEL DITERPENE FROM GARBERIA HETEROPHYLLA 
INTRODUCTION 
As part of our chemical study of members of the Florida Scrub community,62 
we have investigated Garberia heterophylla of the tribe Eupatorieae, an evergreen 
shrub endemic to the Florida scrub.63 The petrol extract of dried aerial parts of G. 
heterophylla afforded the known guaianolide-type sesquiterpene lactone eupahakonesin 
(49),64 2,6-dimethoxybenzoquinone (50)65 and the triterpene epifriedelinol (51).25 
Compound 49, which had been previously obtained from Eupatorium chinense, 
exhibited *H and 13C NMR spectral data which were in full agreement with those 
reported for eupahakonesin.64 The structure and relative stereochemistry of the new 
diterpene (48A), which we named garberic acid, was determined by single crystal X- ray 
diffraction, and its 'H and 13C NMR spectra were assigned by combined applications 
of COSY, 1H, ^C-correlation, DEPT and INEPT methods.66'67 
RESULTS AND DISCUSSIONS 
The aerial parts of Garberia heterophylla afforded a new and novel diterpene, 
garberic acid (48A). Its structure and stereochemistry was established by spectral 
methods and single crystal X-ray diffraction. In addition, the known guaianolide-type 
sesquiterpene lactone eupahakonesin (49), 2,6-dimethoxybenzoquinone (50) and the 
triterpene epifriedelinol (51) were isolated (Fig. II. 1). 
The diterpene 48A, the major constituent of the leaves of G. heterophylla, gave a 
molecular ion at m/z 336. The 13C NMR spectrum of 48A (Fig. II. 4) indicated the 
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Fig. II. 1. Compounds isolated from G. heterophylla. 
presence of 20 carbons with four methyls, seven methylenes, four methine and five 
quaternary carbons (Table II. 2). The NMR spectral assignments were made by COSY, 
IH, 13C-correlation and DEPT methods (Fig. II. 5, 6, 4). The !H NMR spectrum (Fig. 
II. 3) integrated for 32 hydrogens, which was in accord with a molecular formula 
C20H32O4. Broad IR absorptions at 3500-2400 cm"1 (Fig. II. 7) as well as NMR data 
suggested the presence of carboxylate group(s). Methylation of 48A, with excess 
diazomethane in ether yielded the diester 48B, which was analyzed by GC-MS, IR (Fig. 
II. 8) and NMR (Fig. II. 9) spectral methods. The !H NMR spectrum of 48B (Fig. II. 9) 
gave 3 three-proton signals at 5 0.79, 1.64 and 1.73, which were assigned to a methyl 
group at a quaternary carbon and two olefinic methyls, respectively. Furthermore, a 
methyl doublet at 5 0.91(7= 6.7 Hz) and two overlapping methoxy singlets at 8 3.61 
appeared as distinct signals. The presence of an olefinic methylene group was 
suggested by two broad singlets at 8 4.72 and 4.78. 
Since the diterpene 48a and its diester 48b exhibited strongly overlapping !h 
NMR signals in major parts of the spectrum, detailed structural assignments by modern 
2D NMR methods were found to be difficult. Therefore, due to the availability of 
crystals of garberic acid (48a), a single crystal X-ray diffraction analysis of 48a was 
performed. This allowed for determination of the molecular arrangements and also 
gave the relative stereochemistry of the molecule, which is shown in Figure II. 10. The 
precision of the crystal structure determination of 48a is limited by the high thermal 
parameters in general, and in particular, by disorder of both carboxyl groups and the 
group C-16 through C-18, in which the single and double bonds are superimposed. 
However, the relative configurations of all the chiral centers are established, as is the 
conformation of the molecule, as shown in Figure II. 10. Both COOH groups are 
involved in intermolecular hydrogen bond dimers. 
The EIMS spectrum of 48b showed a molecular ion at m/z 364 (Fig. II. 2). A 
strong peak at m/z 211 [B]+ suggested the loss of fragment A [M-CH2CH2C02Me], 
from the parent ion. A strong peak at m/z 203 [C]+ must be derived from the 
McLafferty rearrangement of fragment [B]+ by loss of D (74mu). Further 
fragmentation of cation C by a retro-Diels-Alder process gave radical ions G (122 mu) 
and H (82 mu) which was supported by a strong peak at m/z 122. Alternatively, loss of 
fragments E (55 mu) and F (41 mu) from C+ would lead to fragment I, causing the 
23 
intense peak at 111/z 107. Their peak assignment and relative intensity are listed in Table 
II. 1. 
The 13C NMR spectral assignments of 48A and 48B, which involved 1H, 13C-
correlations and DEPT experiments, are summarized in Table II. 2. and their *H NMR 
spectral data are given in the Experimental section. The INEPT method (Fig. II. 11) 67 
was applied for the assignment of the quaternary olefinic carbons C-2 and C-16 in 48A. 
Irradiation of the two protons at C-17 enhanced the signal at 8 147.4 (C-16). Therefore, 
the other quaternary carbon signal at 8 135.7 was assigned to C-2. 
The only difference between 48A and 48B is the appearance of the two methoxy 
signals at 8 3.66. Therefore, their lH and 13C NMR peaks could be easily assigned by 
comparison of their NMR data with those of compound 48A. The complete assignment 
of the *H and 13C NMR signals of compounds 48A and 48B are presented in Table II. 2. 
Table. II. 1. MS analysis of compound 48B. 
m/z (rel. int.) assignment 
364 17.9 [M]+ 
349 1.1 [M- CH3]+ 
333 6.3 [M- CH30J+ 
277 50.9 [M- A]+ = [B]+ 
203 34.8 [B-D]+ = [C]+ 
122 68.8 [G]+ 
109 100 
107 80.7 [C- E - F]+ 
82 10.3 [H]+ 
55 76.1 [E]+ 
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Fig. II. 2. Proposed MS fragmentations of compound 48B. 
The ^ NMR spectrum of eupahakonesin (49) (Fig. II. 12) showed signals 
typical for an exocyclic a- methylene- y - lactone moiety, which appeared as two one-
proton doublets at 5 5.54 (H-13b) and 6.30 (H-13a), both being coupled to a multiplet 
at 8 3.22 (H-7) which showed further coupling to the signal at 8 5.58 (H-8). Strong IR 
absorptions at 3467 and 1765 cnr1 corroborated the presence of hydroxy(s) and y-
lactone, respectively. It also showed a singlet at 8 1.99 and two olefinic singlets at 8 
5.06 (H-14a) and 5.11(H-14b) signals which confirmed the presence of an acetate 
moiety and olefinic exocyclic methylene moiety, respectively. The 2D NMR COSY 
spectrum of eupahakonesin (49) (Fig. II. 13) allowed the assignment of the proton 
signals (Table II. 3) by showing the couplings between the correlating proton signals. 
For instance, the signal for H-8 coupled to the signals for the mutually coupled 9a,b 
proton absorption at 8 2.59 and 2.82. The signal at 8 4.63 (H-6) showed the coupling to 
both, the signal at 8 3.22 (H-7) and 2.74 which was assigned to H-5. The signal at 8 
2.74 showed further coupling to the absorption at 8 3.44 (H-l) which also coupled to 
the signal at 8 5.64 (H-2). The signal at 8 5.71 (H-3), which coupled to H-2, did not 
show further coupling indicating the absence of the proton at H-4. The 13C NMR and 
DEPT spectra (Fig. II. 14) showed the presence of 22 carbons: eight methines, five 
methylenes, two methyls and seven quaternary carbons. The assignment of the carbon 
signals made by 13C NMR multipulse DEPT, hetronuclear ^C^H correlation 
experiments and long range ^C^H correlation (COLOC) method. Heteronuclear 13C-
*H correlation experiments permitted the assignment of the proton-bearing carbon 
signals (Table II. 4). For example, the signal at 8 122.6 (C-13) correlated with the two 
H-14 signals at 8 5.54 and 6.30 (H-13) while the signals at 8 120.3 (C-14) and 17.2 (C-
15) correlated with the signals at 8 5.06 and 5.11 and 1.98 (H-15), respectively. The 
proton-bearing carbons at 8 143.9 (H-3'), 59.1 (H-4'), 57.3 (H-5') and 21.3 (C-7') could 
be easily assigned since they correlated with the signals at 8 6.85, 4.38, 4.33 and 1.99, 
respectively. For the assignment of the quaternary carbons, a COLOC experiment was 
applied. The two downfield carbonyl signals at 8 166.1 (C-1') and 169.3 (C-12) 
showed correlations with the signals at 8 6.85 (H-31) and 6.30 (H-13), respectively. 
Therefore, the remaining carbonyl signal at 8 170.3 was assigned as C-6'. Four other 
olefinic quaternary carbons, C-4, C-10, C-l 1 and C-2' were also assigned by long-range 
^C-^H correlation methods. Correlations were observed between the following proton 
and carbon signals : C-4 ( 8 148.2) with H-2; C-10 ( 8 139.1) with H-l; C-l 1 (8 134.0) 
with H-13 and C-2' (8 131.7) with H-3. 
The structures of 2,6-dimethoxy-benzoquinone (50) and epifriedelinol (51), 
which are commonly found in higher plants, were confirmed by direct comparison with 
authentic samples and by comparison with reported spectroscopic data.25'65 
EXPERIMENTAL 
General. 'H NMR, COSY, inverse ^C-lH-correlation, long-range ^C^H 
correlation, 13C NMR and DEPT were obtained on a Bruker AM-400 spectrometer 
with CDCI3 as solvent and TMS as a internal standard. IR spectra were recorded on a 
Perkin Elmer 1760X FT-IR spectrometer using films on KBr plates. The optical 
rotation was recorded in a 3.5 xlO mm cell with a JASCO DIP-370 digital polarimeter. 
Plant material. Aerial parts of Garberia heterophylla A. Gray were collected 
on 1 June, 1992 North of Sun-N-Lakes, Highland County, Florida. A voucher is 
deposited at the Louisiana State University Herbarium (N. H. Fischer and H. D. Fischer 
No. 453). 
Extraction and isolation. Fresh leaves (lOlg) were separated from stems and 
soaked with 2L of H20. The combined H2O extracts were re-extracted with CH2C12 to 
give 0.15 g of crude extract. Then the plant material was soaked in petrol overnight and 
the extract was evapd in vacuo to yield 2.5 g of crude extract. The plant material was 
subsequently soaked in hexane (2L), CH2CI2 (2L) and MeOH (2L) yielding 2 g, 3 g, 
and 2.5 g of crude extracts, respectively. The stems (50 g) were soaked with 2L of 
CH2CI2 for 24 hrs and the extracts were evapd in vacuo to yield l.lg of crude extract. 
Part of the hexane extract (1 g) from leaves was chromatographed over silica gei 
using VLC.68 Elution with hexane-EtOAc mixt of gradually increasing polarity yielded 
80 frs of 20 ml each. Frs 68 to 73, which were eluted with hexane- EtOAc (2:3), were 
combined and rechromatographed using VLC on silica gel. Subfrs. 24-26' were eluted 
with hexane - EtOAc (3:7) to yield 3 mg of 49. 
The CH2CI2 extract from stems was chromatographed over silica gel using 
VLC. Fr. 16, which was eluted with hexane-EtOAc (17:3) yielded epifriedelinol 
(20mg), the structure of which was confirmed by NMR and measurement of the unit-
cell dimensions, using single crystal X-ray diffraction-25 Frs 52-60 contained 2,6-
dimethoxybenzoquinone, the structure of which was confirmed by comparison of NMR 
and GC-MS data with a standard. 
Esterification with diazomethane. Generation of diazomethane: A 500ml round-
bottomed flask was filled with 35ml of triethylene monomethyl ether, 10ml of ether and 
a solution of 6g of potassium hydroxide in 10 ml of water. The flask was heated in a 
water bath to 70°C and a solution of 1 lg of Diazald in 65 ml of diethyl ether was added 
slowly over 30 minutes. The diazomethane gas was collected with ether in another flask 
by distillation.69 
Freshly distilled diazomethane in ether was combined with crude petrol extract 
of G. heterophylla (ca. 1 g) and the soln was stirred for ca. lhr and left overnight; then 
the solution was evapd in vacuo on a rotary evaporator. The crude reaction product was 
chromatographed by VLC on silica gel with hexane-EtOAc mixts as the mobile phase. 
Frs which were eluted with hexane- EtOAc (9:1) were analyzed by GC-MS with a mass 
spectral peak at m/z 364, which verified the molecular weight of the methyl ester 48B. 
Garberic acid (48A). C20H32O4; m.p. 104-107°; [<x] 23 + 56° (MeOH: c 0.10); 
KBr 
IR VMaxcm-1 : 3500-2400 (COOH); 1707 (C=0). *H NMR (400 MHz, CDCI3): 5 0.82 
(3H, s, H-15); 0.98 (3H, d, J= 6.6 Hz, H-20); 1.68 (3H, s, H-19); 1.76 (3H, s, H-18); 
4.77 (3H, br s, H-17a); 4.82 (3H, br s, H-17b). »c NMR see Table II. 2. 
KBr 
Dimethyl garberate (48B). C22H3604, gum; IRVMaXcnr1: 1735 (-COOMe); 
EIMS see Table II.l. NMR (400 MHz, CDCI3): 8 0.79 (3H, s, H-15); 0.91 (3H, d, J 
= 6.6 Hz, H-20); 1.64 (3H, s, H-19); 1.73 (3H, s, H-18); 4.72 (3H, br s, H-17a); 4.78 
(3H, br s, H-17b). NMR see Table II.2. 
KBr 
Eupahakonesin (49). C22H26O8, gum; IRVMAXCM"1: 3467 (OH), 1765 
(lactone). ^ 13c NMR see Table II. 3. 
X-Rav experimental. X-Ray data of garberic acid (48a). A colorless crystal of 
dimensions 0.27x0.48x0.55mm was used for data collection on an Enraf-Nonius CAD4 
diffractometer equipped with CuKa radiation (1=1.54184 A), and a graphite 
monochromator. Crystal data are: C20H32O4, Mr=336.5, orthorhombic space group 
P212121, a=7.413(1), b=8.858(2), c=31.016(6)A, V=2037(1)A3, Z=4, dc=1.097 g cm-
3, T=24°. Intensity data were measured by w-2q scans of variable rate, designed to 
yield I=50s(I) for all significant reflections. An octant of data was collected within the 
limits 2<q<75°. Data reduction included corrections for background, Lorentz, 
polarization, decay and absorption effects. Absorption corrections (m=5.6 cm-1) were 
based on y scans, with minimum relative transmission coefficient 86.9%. Intensity 
decay amounted to 11.9%. Of 2323 unique data, 1474 had I>3s(I) and were used in the 
refinement. 
The structure was solved by direct methods and refined by full-matrix least 
squares, treating nonhydrogen atoms anisotropically, using the Enraf-Nonius MolEN 
programs . Hydrogen atoms were placed in calculated positions, except for those on the 
COOH groups and C-17 and C-18, which could not be located because of the disorder. 
Convergence was achieved with R=0.12. The crystal structure is illustrated in Fig. II. 2, 
and its coordinates are tabulated in Table II. 4. The limited precision of the 
determination precluded determination of the absolute configuration. 
Table II.2. 13C NMR (100MHz, TMS as internal standard) spectral data of 
garberic acid (48a) and dimethyl garberate (48b). 
c 48a* 48b* 
1 47.1 d 47.2 d 
2 135.7 s 135.7 s 
3 121.7 d 121.7 d 
4 28.9 t 28.7 t 
5 48.8 d 48.8 d 
6 38.7 s 38.6 s 
7 29.41 29.3 t 
8 38.61 38.6 t 
9 31.1 d 31.2 d 
10 41.21 41.4 t 
11 179.6 s a 173.4 sa 
12 25.41 25.0 t 
13 32.21 32.6 t 
14 180.7 sb 174.4 s b 
15 16.0 q 16.1 q 
16 147.4 s 147.4 s 
17 113.8 t 113.7 t 
18 22.8 q 22.8 q 
19 22.4 q 22.4 q 
20 19.7 q 19.5 q 
1' 51.2 qc 
2' 51.4qd 
* Peak multiplicities were obtained by heteronuclear multipulse programs (DEPT). 
a,b: interchangeable within a column. 
c,d: interchangeable within a column. 
Table II. 3. !H NMR (400 MHz, TMS as internal standard) and 13C NMR 
(50 MHz, TMS as internal standard ) spectral data of eupahakonesin (49). 
H *C 
1 3.44 dd 1 50.7 d 
2 5.64 m 2 80.3 d 
3 5.71 s 3 126.4 d 
4 - 4 148.2s 
5 2.74 m 5 56.0 d 
6 4.63 dd 6 80.0 d 
7 3.22 m 7 48.0 d 
8 5.57 m 8 68.5 d 
9 2.82 m, 2.59 dd 9 39. Ot 
10 - 10 139.1 s 
11 - 11 134.0 s 
12 - 12 169.3 s 
13 5.54 d, 6.30 d 13 122.6 t 
14 5.06 s, 5.11 s 14 120.3t 
15 1.98 s 15 17.2 q 
1' - 1' 166.1 s 
2' - 2' 131.7 s 
3' 6.85 t 3' 143.9 d 
4' 4.38 d 4' 59.1 t 
5' 4.33 d 5' 57.3 t 
1" - 1" 170 3 s 
2" 1.99 s 2" 21.3 q 
* Peak multiplicities were obtained by heteronuclear multipulse programs (DEPT). 
J (Hz): 3', 4'=5.9; 3', 5'=5.8; 13a, 7=3.3; 13b, 7=3.1; 6=9, 10; 1=6, 8. 
Table H.4. Positional parameters of garberic acid (48a) and their estimated s.d.s. 
Atom X y z Beq(A2) 
01 0.036(1) 0.5169(8) 0.0362(2) 15.2(2) 
02 0.046(2) 0.3823(9) -0.0202(2) 19.3(3) 
03 0.554(2) 0.8824(8) 0.0644(1) 14.6(3) 
04 0.569(2) 0.7264(8) 0.0114(1) 15.9(3) 
C-l 0.501(1) 0.3643(9) 0.1436(2) 9.2(2) 
C-2 0.573(1) 0.2399(9) 0.1726(2) 10.9(2) 
C-3 0.700(2) 0.264(1) 0.2013(2) 13.5(3) 
C-4 0.795(2) 0.416(1) 0.2069(2) 12.7(3) 
C-5 0.752(2) 0.529(1) 0.1712(2) 11.6(2) 
C-6 0.550(1) 0.5293(9) 0.1605(2) 9.1(2) 
C-l 0.306(1) 0.3493(9) 0.1338(2) 9.5(2) 
C-8 0.262(1) 0.275(1) 0.0923(2) 9.9(2) 
C-9 0.064(1) 0.243(1) 0.0847(3) 13.3(3) 
C-10 0.022(2) 0.234(2) 0.0411(4) 15.9(3) 
C-ll 0.037(2) 0.396(1) 0.0195(3) 14.4(3) 
C-12 0.508(1) 0.6489(9) 0.1257(2) 8.9(2) 
C-13 0.587(1) 0.618(1) 0.0812(2) 9.1(2) 
C-14 0.573(1) 0.750(1) 0.0521(2) 9.5(2) 
C-15 0.434(2) 0.566(1) 0.2002(2) 11.9(3) 
C-16 0.842(2) 0.683(1) 0.1802(2) 12.5(3) 
C-17 0.808(2) 0.756(2) 0.2221(3) 17.1(4) 
C-18 0.951(2) 0.739(2) 0.1469(3) 15.1(4) 
C-19 0.506(3) 0.089(1) 0.1685(2) 16.6(4) 
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Fig. II. 5. 2D !H NMR COSY spectrum of garberic acid (48a). 
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Fig. II. 9. JH NMR spectrum of compound 48b. 
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Fig. II. 14. DEPT 90,135 and BB 13C NMR spectra of eupahakonesin(49). 
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H. 2. DITERPENES AND SESQUITERPENE LACTONES FROM 
POLYMNIA UVEDAUA 
INTRODUCTION 
In search for biological active natural products from members of the family 
Asteraceae of the southeastern United States, we have investigated a Louisiana 
population of Polymnia uvedalia of the subtribe Melampodinae, tribe Heliantheae.70,71 
Polymnia uvedalia had been used in folk medicine by native American for various 
purposes ranging from curing burns to the use as agents for kidney ailment.4 Extracts of 
aerial parts of P. uvedalia provided the known melampolides, enhydrin (52)72 and 2\3'-
dehydromelnerin A (53),73 which had been previously isolated from various members 
of the subtribe Melampodiinae71 and Enhydra fluctuans?2 The latter species has been 
used in India for the treatment of skin disease and nervous aliments.74 Enhydrin (52) 
was the main constituent of the leave extract and was isolated as a colorless crystalline 
material. In addition, three known kaurane-type diterpenes, (-) kaur-16-en-19-oic acid 
(54),75' 76 18-angeloyloxy-kaur-16-enic acid (55)73 and 3(}-angeloyloxy-kaur-16-enic 
acid (56)77 were obtained. Here we report the molecular structure of enhydrin (52), 
which was determined by single crystal X-ray diffraction (Fig. II. 32).78 Furthermore, 
the structure elucidation of the constituents isolated from Polymnia uvedalia using 
spectroscopic method will be described (Fig. II. 15). Since the 13C NMR data and 
molecular structure of enhydrin (52) had not been previously reported, the detailed 
assignments of 13C NMR signals as well as its X-ray data will be given. Furthermore, 
enhydrin (52) and (-) kaur-16-en-19-oic acid (54) were tested for anti-inflammatory 
activity and the results are outlined in Chapter IV. 
RESULTS AND DISCUSSIONS 
The ^ NMR spectrum of enhydrin (52) (Fig. II. 17; Table II. 5) showed a set of 
doublets at 8 5.92 and 6.38, which are typical for the exocyclic methylene protons of the 
lactone group. The 2D NMR COSY spectrum of compound 52 gave the couplings 
between the proton signals permitting the assignment of the proton absorptions (Fig. II. 
8.). For instance, the signals for the mutually coupled H-13a,b at 6 5.92 and 6.38 also 
coupled to the signals at 8 3.0 (H-7) which showed further coupling with the signal at 8 
4.28 (H-6). The H-6 signal also coupled to the signal at 8 2.68 (H-5) and the doublet of 
a doublet at 8 7.16 (H-l) showed couplings to the neighboring protons, H-2a (8 2.45) 
and H-2b (8 3.01). One methyl group at 8 1.22 (H-4') appeared as a doublet due to its 
coupling to proton H-3' at 8 3.01. One sharp singlet corresponding to an acetate methyl 
group appeared at 8 2.02 along with two methyl singlets at 81.72 and 1.44 as well as a 
three-proton singlet at 8 3.83 which is typical for a carbomethoxy group.37 The 
NMR data of enhydrin (52) obtained at 100 MHz had been previously reported.79 Here, 
the assignments of *H NMR signals of 52 are reported, which were obtained by high 
field *H NMR including COSY and ^H-JSC correlation methods (Table II. 5). The 13C 
NMR spectrum of enhydrin (52) (Fig. II. 19; Table II. 5) showed the presence of 23 
carbons and the polarization transfer experiment (DEPT) indicated the presence of five 
methyls, three methylenes, seven methines and eight quaternary carbons. The 13C NMR 
multipulse DEPT, 13C-!H COSY (Fig. II. 20) and COLOC experiments (Fig. II. 21) 
aided in the assignment of all carbon signals in 52.66 The four downfield carbonyl 
signals at 8 170.1, 168.6, 167.9 and 165.5 were assigned by application of long-range 
shift correlations. The acetate methyl signal correlated with the carbon signal at 8 170.1, 
which was assigned to the acetate carbonyl. The methyl proton signal at 8 1.44 (H-5') 
correlated with the epoxyangelate carbonyl signal at 8 168.6, thus allowing its 
assignment to C-1'. Furthermore, the exocyclic methylene protons (H-13) gave cross-
peaks with the signal at 8 167.9 (C-12) and the methyl singlet due to the carbomethoxy 
group correlated with the carbonyl signal at 8 165.5 (C-14). Four signals were present in 
the olefinic region, two of which were assigned to carbons C-1 (8 149.4) and C-13 (8 
123.3) on the basis of their multiplicities in DEPT experiments (Fig. II. 19). The 
remaining two quaternary sp2 carbons were assigned to C-10 (8130.4) and C-ll (8 
133.1), based on the fact that the signal at 8 133.1 (C-11) coupled with protons H-8 and 
H-13 and the carbon signal at 8130.4 (C-10) gave a long-range correlation with the two 
protons at C-2 in the COLOC experiments. The assignments of the remaining 
protonated carbons were made by 13C-JH COSY and DEPT experiments. The two 
oxygen-bearing quaternary epoxide carbon signals at 8 59.3 and 59.4 were assigned to 
C-4 and C-2', respectively, based on the following COLOC data (Fig. II. 21): long-range 
correlations were found between the C-4 methyl absorption (H-15) and the carbon signal 
at 8 59.3 as well as the C-3' methyl doublet, which correlated with the signal at 8 59.4 
(C-21). The 13C NMR data of enhydrin (52) are summarized in Table II. 5. 
The molecular structure of the bromoderivative of enhydrin (52) has been 
previously reported.80 However the precision of that determination was not high, 
R=0.148, and only the Br atom was refined anisotropically. Since compound 52 has 
been isolated as a colorless crystalline material, we have determined the molecular 
structure of enhydrin (52) by single crystal X-ray diffraction. Its molecular arrangement 
is shown in Fig. II. 32 and the atomic coordinates are given in Table II. 7. The crystal 
structure of enhydrin is isomorphous with that of its bromoenhydrin, thus the two 
molecules have nearly identical conformations. The fifteen endocyclic torsion angles of 
the 10-membered ring and lactone ring for the two molecules differ by an average of 
only 3.4°, with a maximum difference of 7.3° for C4-C5-C6-C7. This conformation is 
typical for melampolides.81 The lactone ring is best described as the C2 half chair, with 
C12 on the twist axis. The epoxyangelate side chain exhibits a slight disorder. A 
difference map peak with density 0.54 eA"3 within bonding distance of C20 and C21 
was interpreted as a site of partial occupancy by epoxy oxygen atom 010. The 
occupancy was estimated by multiplicity refinement experiments to be 15%. This 
alternate orientation of the epoxyangelate group should also place a partially occupied 
methyl group within bonding distance of C21, but the lower electron density and higher 
thermal parameters to be expected of that C atom did not allow it to be located. 
All of proton signals of 53 were assigned by inspection (Fig. II. 22) and on the 
basis of correlation (COSY) experiments (Fig. II. 23). The 'H NMR spectrum of 
53 (Fig. II. 22) exhibited two typical doublets at 5 5.67(H-13a) and 6.29 (H-13b) of 
partial structure of 53, typical of the methylene lactone group. The two H-13 signals 
were coupled to a signal near 5 2.8 which was assigned to H-7. The H-7 signal was 
further coupled to a narrow multiplet at 8 4.77(H-6) which was also coupled to two 
mutually coupled signals centered at 8 1.52 and 1.9, which were assigned to the H-5 
methylene protons. The overlapping signal at 8 1.96 was assigned to H-4 because it 
showed coupling with H-5. The H-4 absorption was further coupled with the doublet at 
8 3.48 (H-15) and the multiplet at 1.35 (H-3). The signals with chemical shifts of a 
quartet of a quartet at 8 6.06 and doublets at 1.96 and 1.80 were diagnostic of the 
angelate side chain.77, 82 Additionally, the mass spectral analysis of the compound 53 
showed strong peak at m/z 83=[ CH3CH=CCH3CO]+ which are the characteristic for 
angelate moiety. The above *H NMR spectra data was practically identical with data 
previously reported for 2', 3'-dehydromelnerin A.73 Since the 13C NMR spectra of 
compound 53 was not previously reported, the assignments of high-field 13C NMR data 
of 53 by inverse correlation and COLOC experiments are described here. The 
13C NMR spectrum of 2',3'- dehydromelnerin A (53) (Fig. II. 24) indicated the presence 
of 21 carbons with three methyls, six methylenes, six methines and six quaternary 
carbons. The fifteen proton-bearing carbon signals were assigned by application of 
DEPT and 13C-!H COSY experiments (Fig. II. 26). In order to assign the six quaternary 
carbons, inverse COLOC experiment was carried out (Fig. II. 25). Three signals were 
present in the carbonyl carbon region, which could be readily assigned to C-12 (8 
168.5), C-14 (8 167.6) and C-l' (8 166.5) by heteronuclear correlations. Couplings 
existed between the two protons at C-13 and C-12; the carbomethoxy methyl and C-14 
as well as H-5' and C-l'. The remaining olefinic quaternary carbons, C-10, C-l 1, C-2', 
which were assigned by inverse long-range !H, 13C-correlations83 between the 
following protons and neighboring carbons: C-10 (8 127.6) correlated with H-9; C-l 1 (8 
136.6) with the two methylene protons H-13 and C-21 (8 127.5) gave correlations with 
the methyl protons at C-41 and C-5'. The NMR signals of compound 53 are 





Fig. II. 15. Terpenes isolated from Polymnia uvedalia. 
The dichloromethane extract of P. uvedalia gave the known (-) kaur-16-en-19-
oic acid (54), C20H30O2, as colorless crystals. This is the main constituent of Solidago 
numoralis 84 and had also been isolated from the genus Helianthus.85 The NMR 
spectral data of compound 54 (Fig. II. 27) were in agreement with the kaur-16-en-19-oic 
acid which had been previously isolated from members of the genus Solidago.*6 87 Its 
stereochemistry and molecular structure was confirmed by single crystal X-ray 
diffraction (Fig. II. 33). 
Another known diterpene, 55, C25H36O4, was obtained as a colorless gum from 
the dichloromethane extract of P. uvedelia. This compound had been previously 
obtained from Melampodium perfoliatum A. Gray.88 The lH NMR of 55 (Fig. II. 28) 
indicated the presence of two additional methyl groups at 5 1.97 (H-4') and 1.86 (H-5') 
along with a signal at 8 6.08 for an olefinic proton, which were diagnostic of a angelate 
side chain.88 Two doublets at 8 4.02 (J=10.4 Hz) and 4.51 (J=10.4 Hz) belong to two 
geminal protons which were assigned to H-18a and H-18b, respectively. Correlation 
with reported values for its methyl ester confirmed the proposed structure as 18-
angeloyloxy-kaur-16-enic acid (55).88 A NMR multipulse DEPT experiment (Fig. 
II. 29) on compound 55 provided information about the type of carbon signals which are 
three CH3, eleven CH2, four CH and seven quaternary carbons. Complete assignments 
of the carbons in 55 (Table II. 6), which was not previously reported, were achieved by 
COSY, DEPT (Fig. II. 29), 13C-!H correlation experiments as well as comparison of the 
spectral data with that of the related compound 54. The only differences between 
compound 54 and 55 resided in the presence of an angelate side chain indicated by two 
methyls, one methine and two quaternary carbons showing a total of 5 more carbon 
signals when compared with compound 54. Among the two carbonyl signals, the one at 
8 167.6 was assigned to C-l' based on chemical shift considerations and the other 
quaternary carbon signal at 8 127.5 was assigned at C-2'. The remaining three 
protonated angelate carbons were assigned to C-3' ( 8138.9), C-4' ( 815.8) and C-5' ( 8 
20.5) since they showed coupling with protons H-3', H-4' and H-5', respectively. 
3p-Angeloyloxy-kaur-16-enic acid (56) was previously found in Wedelia triloba 
and was identified as its methyl ester.77 The additional peak at 8 4.62 instead of the 
doublet signals at 8 4.02 and 4.51 and the appearance of an additional methyl signal in 
the *11 NMR spectrum (Fig. II. 30) confirmed the attachment of the angelate side chain 
at C-3 position instead of C-l8 as in 55. The mass spectrum of 56 showed a molecular 
ion at m/z 400 (Fig. II. 16). Additional strong mass spectral peaks at m/z 317 [M-A]+, 
m/z 83 [A]+ and m/z 55 [C]+ supported the presence of an angelate group. A strong 
peak at m/z 300 [M-100]+ was in accord with the loss of angelic acid from the parent 
ion by the McLafferty rearrangement, which was in agreement with the structure 56. 
The major difference in the NMR spectra (Fig. II. 31) of compound 56, when 
compared with 55, was the appearance of two carbon signals at 8 78.7 and 8 24.0 which 
showed coupling with H-3 and H-18, respectively combined with the absence of two 
peaks at 8 32.7 (C-3) and 8 72.2 (C-l8) in 55. Therefore, the two new peaks in 56 were 
assigned to C-3 ( 8 78.7) and C-18 ( 8 24.0). Since the remaining 23 carbons showed 
chemical shift very similar to compound 55, their assignments were made by comparing 















Fig. II. 16. McLafferty rearrangement of compound 56. 
EXPERIMENTAL 
General experimental procedure. The correlation, 13C NMR, DEPT and 
COLOC experiments were obtained on a Bruker AM-400 NMR spectrometer with 
CDCI3 as solvent and TMS as a internal standard. HPLC analysis made use of Hewlett 
Packard HP1090LC and Milton Roy CM 4000 instruments using a reverse phase column 
(Alltech Econosil C18 10U and 5U). 
Plant material. Aerial parts of P. uvedalia (L.) L. [Smallanthus uvedalia (L.)] 
were collected by Dr. R. Dale Thomas and Mr. Keith Cascio in July, 1993 in Quachita 
Parish, Louisiana (Fischer No. 480). 
Extraction and isolation. Air-dried leaves (160g) were separated from the stems 
and soaked with 3L of dichloromethane (DCM) to give 4g of crude extract, which was 
chromatographed on silica gel using VLC68 with hexane-ethyl acetate (EtOAc) mixtures 
of increasing polarity. Seventy fractions of 20ml each were collected. Frs 3-5, which 
were eluted with hexane-EtOAc (95:5) yielded 200mg of kaur-16-en-19-oic acid (54). 
Frs 11 to 16, which were eluted with hexane-EtOAc (4:1) were combined and 
chromatographed by prep. HPLC on a reverse phase column using the mobile phase 
Me0H-H20(9:l) providing 3mg of 55 and 4mg of 56. The fraction which was eluted 
with hexane-EtOAc (1:1) gave 500mg of crystalline enhydrin (52). More polar fractions 
which were eluted with hexane-EtOAc (1:4) were further purified using reverse phase 
prep. HPLC with Me0H:H20 (5:1) as the mobile phase providing 4mg of compound 53. 
Enhydrin (52). C23H28O10, colorless crystals; m.p. 183-4° 79; LCMS m/z ( rel. 
int.): 464 [M]+ (20.4); 405 [M-59]+ (27.0); 348 [M-116]+ (82.7); 256 (100). JH NMR 
and 13C NMR spectral data in Table II. 5. 
2',3'- Dehydromelnerin A (53). C21H28O7, colorless gum; LCMS m/z (rel. int.): 
392[M]+ (6.4); 293[M-OAng]+ (56.5); 292[M-AngOH]+ (26.0); 100[AngOH]+ (34); 
83[Ang]+ (100). *H NMR and 13C NMR spectral data in Table II. 5. 
(-) Kaur-16-en-19-oic acid (54). C20H30O2, colorless crystals; m.p. 140-141° 
EIMS m/z ( rel. int.): 302[M]+ (53.2); 287[M-CH3]+; 41(100). *H NMR (CDCI3): 0.95 
(3H, s, H-20); 1.24 (3H, s, H-18); 4.74 (1H, s, H-17a); 4.80 (1H, s, H-17b).l3C NMR 
data in Table II. 6. 
18-Angeloyloxy-kaur-16-enic acid (55). C25H36O4, colorless gum; FABMS m/z: 
400[M]+. lH NMR (CDC13): 0.98 (3H, s, H-20); 1.86 (3H, d, J3-,5'=L2, H-5'); 1.97 
(3H, d, J3',4'=7.2, H-4'); 2.64 (1H, s, H-13); 2.05 (2H, d, Ji5,i7 =2.8, H-15); 4.02 (1H, d, 
Jl8a,18b =10.4, H-18a); 4.51 (1H, d, Ji8a,18b=10.4, H-18b); 4.74 (1H, br s,H-17a); 4.80 
(1H, br s, H-17b); 6.08 (1H, qq, J3't4'=7.3, J3',5'=1.3, H-3'). 13C NMR data in Table II. 
6. 
3P-Angeloyloxy-kaur-16-enic acid (56). colorless gum, C25H3604, EIMS m/z 
(rel. int.): 400[M]+ (6.9); 317[M-A]+ (2.2); 300[M-100]+ (21.9); 83 [A]+ (100); 55 
[C]+ (42.7). iH NMR (CDC13): 1.04 (3H, s, H-20); 1.29 (3H,s, H-18); 1.88 (3H, d, 
J3\5'=l-6, H-5'); 1.97 (d, J3-.4-7.2, H-4'); 2.63 (lH,s, H-13); 4.62 (1H, dd, J3,2a=4.5 
J3,2b=4.6, H-3); 6.08 (1H, qq, J3',5'=1.3, H-3'). 13C NMR data in Table II. 6. 
X-rav data of enhvdrin fSZ). A colorless needle of dimensions 
0.62x0.23x0.12mm was used for data collection on an Enraf-Nonius CAD4 
diffractometer equipped with CuK« radiation (A,=l.54184 A), and a graphite 
monochromator. Crystal data are: C23H29O10, Mr=465.5, orthorhombic space group 
P2]2i2i, a=10.072(l), b=26.652(6), c=9.027(2)A, V=2423.1(13)A3, Z=4, dc=1.276 g 
cm-3, T=24°C. Intensity data were measured by co-20 scans of variable rate, 0.66-3.30° 
min-1. An octant of data was collected within the limits 4 < 20 < 150°. Data reduction 
included corrections for background, Lorentz, polarization and absorption effects. 
Absorption corrections (|i=8.1 cnr1) were based on a series of V|/ scans, with minimum 
relative transmission coefficient 92.9%. Standard reflections did not decrease in 
intensity during data collection. Of 2847 unique data, 2571 had I>3ct(I) and were used 
in the refinement. The structure is essentially isomorphous with that of the 
bromoenhydrin 80, and coordinates from that structure, minus those of the brominated 
sidechain, were used as a beginning phasing model. The epoxyangelate side chain is 
disordered, with the epoxy oxygen atom bonded to C20 and C21 with approximately 
15% occupancy. The structure was refined by full-matrix least squares based on F with 
weights w = <r2(F0), using the Enraf-Nonius MolEN programs 89. Nonhydrogen atoms 
were refined anisotropically, except for the minor site of 010, which was isotropic. 
Hydrogen atoms were refined isotropically, except for those of the methyl groups and 
epoxyangelate, which were placed in calculated positions. An extinction coefficient 
refined to a final value of 2.37(14)xl0"6. Convergence was achieved with R=0.043, 
Rw=0.056 using 351 variables, with maximum residual electron density 0.28 eA"3. 
Coordinates for hydrogen atoms, bond distances and angles, torsion angles, and 
anisotropic thermal parameters are given in supplementary material. 
X-Rav data of f-) kaur-16-en-19-oic acid (54). A crystal of dimensions 
0.20x0.23x0.62 mm was used for data collection on and Enraf-Nonius CAD4 
diffractometer equipped with Cu Ka radiation (k=1.54184 A), and a graphite 
monochromator. Crystal data are: C20H30O2, Mr=302.5, monoclinic space group P2j, 
a=19.263(4), b=7.412(l), c=26.740(7)A, 0=108.85(2)°, V=3613(2)A3, Z=8, dc=1.112g 
cnr3, T=24°C. Intensity data were measured by co-20 scans of variable rate, 0.66-3.30° 
min1. Data reduction included corrections for background, Lorentz, polarization and 
absorption effects. Absorption corrections (|i=5.1 cnr1) were based on a series of \j/ 
scans, with minimum relative transmission coefficient 95.0%. Standard reflections did 
not decrease in intensity during data collection. Of 8045 unique data, 5405 had I>3a(I) 
and were used in the refinement. Convergence was achieved with R=0.045, Rw=0.049. 
Table II. 5. *H NMR (400MHz) and 13C NMR (100MHz) spectral data of enhydrin 
(52) and 2\ 3'- dehydromelnerin A (53) (CDCI3, TMS as internal standard). 
H 52 53 (333°K) C 52 53 (333°K) 
1 7.16 dd 6.94 t 1 149.4 d 145.9 d 
2 
3 





a, 1.35 m 
















































10 - - 10 130.4 s 127.6 s 
11 - - 11 133.1 s 136.6 s 
12 









14 - - 14 165.5 s 167.6 s 
15 1.72 s 3.48 d 15 17.5 q 67.9 t 




- 2' 59.4 s 127.5 s 
3' 6.06 qq 3' 45.5 d 139.1 d 







1.80 d 5' 
Ac 
19.2 q 
20.9 q 1 
170.1 s J 
20.2 q 
OCH3 3.83 s 3.79 s OCH3 52.6 q 52.0 q 
J (Hz): 52 :6,7=9.7; 5,6=9.5; 8,9=8.5; 4'=5.4. 53: 3\4'=7.2; 3',5'=1.6. 
Table II. 6. NMR spectral data of compounds 54-56 (100 MHz,CDCl3, TMS 
as a internal standard). 
c 54 55 56 
1 41.3 t 40.1 t 39.41 
2 19.11 18.3 t 24.11 
3 39.7 t 32.7 t 78.7 d 
4 43.8 s 43.9 s 43.9 s 
5 57.1 d 52.3 d 56.4 d 
6 21.9 t 21.8 t 21.5 t 
7 40.7 t 40.8 t 41.01 
8 44.3 s 47.6 s 47.9 s 
9 55.1 d 55.1 d 55.2 d 
10 39.7 s 39.4 s 39.5 s 
11 18.41 18.41 18.5 t 
12 33.11 33.0 t 33.0 t 
13 43.9 d 43.8 d 43.7 d 
14 37.8 t 39.6 t 38.8 t 
15 49.01 48.8 t 48.7 t 
16 156.0 s 155.6 s 155.4 s 
17 103.01 103.2 t 103.3 t 
18 29.0 q 72.2 t 24.0 q 
19 184.0 s 181.0 s 180.5 s 
20 15.6 q 15.5 q 15.4 q 
1' - 167.6 s 167.7 s 
2' - 127.5 s 128.0 s 
3' - 138.9 d 138.1 d 
4' - 15.8 q 15.7 q 
5' - 20.5 q 20.7 q 
* Peak in multiplicities were determined by DEPT experiments 
Table II. 7. Fractional atomic coordinates and equivalent isotropic thermal 
parameter (A2) of enhydrin (52). 
X y z Beq 
Ol 0.6117(2) 0.26257(7) 0.7078(2) 3.90(4) 
02 0.7961(2) 0.26738(9) 0.5722(3) 5.30(5) 
03 0.3803(2) 0.22798(7) 0.8925(2) 4.03(4) 
04 0.2741(2) 0.37561(9) 0.3723(2) 5.25(5) 
05 0.0561(2) 0.36070(8) 0.3880(2) 4.22(4) 
06 0.2454(2) 0.43509(6) 0.6944(2) 3.99(4) 
07 0.1550(4) 0.4279(1) 0.9187(3) 10.11(9) 
08 0.5021(2) 0.40252(6) 0.7656(2) 3.94(4) 
09 0.5694(3) 0.46835(8) 0.6310(3) 7.43(6) 
OlO 0.6142(4) 0.4343(1) 1.0185(4) 7.75(8) 
OlO' 0.740(2) 0.5026(7) 0.819(2) 7.2(4)* 
CI 0.0945(2) 0.32017(9) 0.6641(3) 3.44(5) 
C2 0.0723(3) 0.3067(1) 0.8234(3) 3.90(5) 
C3 0.1480(3) 0.2605(1) 0.8809(3) 3.93(5) 
C4 0.2940(3) 0.27148(9) 0.9029(3) 3.37(4) 
C5 0.3800(2) 0.26397(9) 0.7727(3) 3.12(4) 
C6 0.4991(2) 0.29491(8) 0.7446(3) 2.99(4) 
C7 0.4818(2) 0.32949(9) 0.6089(3) 3.07(4) 
C8 0.4267(3) 0.38126(9) 0.6430(3) 3.15(4) 
C9 0.2813(3) 0.38200(8) 0.6955(3) 3.07(4) 
CIO 0.1811(2) 0.35341(8) 0.6068(3) 3.02(4) 
Cl l  0.6196(3) 0.3285(1) 0.5437(3) 3.93(5) 
C12 0.6887(3) 0.2842(1) 0.6042(3) 3.89(5) 
C13 0.6773(4) 0.3588(1) 0.4464(5) 6.73(8) 
C14 0.1788(3) 0.36406(9) 0.4438(3) 3.35(5) 
C15 0.3282(3) 0.3050(1) 1.0300(3) 4.21(6) 
C16 0.0443(3) 0.3696(1) 0.2306(3) 5.07(7) 
C17 0.1808(4) 0.4532(1) 0.8142(4) 5.83(8) 
C18 0.1490(6) 0.5076(1) 0.7978(6) 9.3(1) 
C19 0.5651(3) 0.4459(1) 0.7458(4) 5.15(7) 
C20 0.6292(4) 0.4652(1) 0.8884(5) 7.2(1) 
C21 0.6080(8) 0.5185(2) 0.9198(7) 14.0(2) 
C22 0.7400(5) 0.4385(2) 0.9495(7) 9.3(1) 
C23 0.7960(5) 0.3927(2) 0.8813(8) 12.1(2) 
OlO has population 0.85; OlO' has population 0.15. OlO' was refined 
isotropically, and Bjs0 is given. 
Beq = (87C2/3)IiIjUijai*aj*a1-aJ 
Table II. 8. Fractional atomic coordinates and equivalent isotropic thermal 
parameter (A2) of (-) kaur-16-en-19-oic acid (54). 
X y z Beq 
OlA 0.1431(1) 0 0.16300(8) 5.07(5) 
02A 0.2415(1) -0.1173(4) 0.22096(9) 6.42(7) 
CIA 0.1046(2) -0.5792(5) 0.1987(1) 5.22(8) 
C2A 0.1771(2) -0.5119(6) 0.2363(1) 6.1(1) 
C3A 0.1667(2) -0.3457(6) 0.2657(1) 5.72(9) 
C4A 0.1251(2) -0.1941(5) 0.2296(1) 4.46(7) 
C5A 0.0520(1) -0.2702(5) 0.1912(1) 3.92(7) 
C6A -0.0024(2) -0.1363(5) 0.1564(1) 4.60(8) 
C7A -0.0780(2) -0.2218(6) 0.1355(1) 5.35(9) 
C8A -0.0786(2) -0.3866(5) 0.1017(1) 4.56(8) 
C9A -0.0171(2) -0.5189(5) 0.1308(1) 4.39(7) 
C10A 0.0609(1) -0.4379(4) 0.1589(1) 3.86(7) 
C11A -0.0183(2) -0.6859(6) 0.0960(1) 6.1(1) 
C12A -0.0354(2) -0.6490(7) 0.0377(1) 7.9(1) 
C13A -0.0996(2) -0.5188(7) 0.0174(1) 7.6(1) 
C14A -0.0769(2) -0.3412(6) 0.0461(1) 6.2(1) 
C15A -0.1532(2) -0.4848(6) 0.0861(1) 6.3(1) 
C16A -0.1626(2) -0.5781(7) 0.0348(1) 7.1(1) 
C17A -0.2145(3) -0.6928(9) 0.0101(2) 10.8(2) 
C18A 0.1087(2) -0.0460(6) 0.2654(1) 6.2(1) 
C19A 0.1730(2) -0.1007(5) 0.2025(1) 4.38(7) 
C20A 0.1025(2) -0.3952(5) 0.1202(1) 5.05(8) 
OIB 0.3238(1) 0.1231(4) 0.19133(8) 5.77(6) 
02B 0.2263(1) 0.2018(4) 0.12413(8) 5.86(6) 
C1B 0.3709(2) 0.2326(6) 0.0371(1) 5.53(9) 
C2B 0.2947(2) 0.2987(6) 0.0341(1) 5.87(9) 
C3B 0.2983(2) 0.4299(6) 0.0783(1) 5.75(9) 
C4B 0.3389(2) 0.3571(5) 0.1335(1) 4.52(8) 
C5B 0.4159(1) 0.2905(5) 0.1342(1) 4.17(7) 
C6B 0.4692(2) 0.2381(5) 0.1879(1) 4.66(8) 
C7B 0.5466(2) 0.2366(6) 0.1850(1) 5.6(1) 
C8B 0.5553(2) 0.0981(6) 0.1461(1) 5.10(9) 
C9B 0.4957(2) 0.1232(5) 0.0910(1) 4.55(8) 
C10B 0.4151(1) 0.1494(5) 0.0910(1) 4.10(7) 
C11B 0.5054(2) -0.0201(7) 0.0518(1) 6.2(1) 
C12B 0.5283(2) -0.2082(7) 0.0750(1) 7.5(1) 
C13B 0.5886(2) -0.1992(7) 0.1284(1) 7.4(1) 
C14B 0.5588(2) -0.0982(6) 0.1660(1) 6.1(1) 
C15B 0.6325(2) 0.1088(8) 0.1387(1) 7.2(1) 
C16B 0.6498(2) -0.0772(8) 0.1250(1) 8.0(1) 
C17B 0.7086(2) -0.130(1) 0.1132(2) 11.8(2) 
C18B 0.3473(2) 0.5133(6) 0.1738(1) 6.7(1) 
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Fig. II. 19. DEPT 90,135 and BB 13C NMR spectra of enhydrin (52). 
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Fig. II. 23. 2D *H NMR COSY spectrum of 2', 3'- dehydromelnerin A (53). 
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Fig. II. 25. COLOC spectrum of 2', 3'- dehydromelnerin A (53). 
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Fig. II. 28. 'H NMR spectrum of compound 55. 
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Fig. II. 32. The molecular structure of enhydrin (52). 
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Fig. II. 33. The molecular structure of (-) kaur-16-en-19-oic acid (54). 
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n. 3. CONSTITUENTS OF VERBESINA VIRGINICA 
Introduction 
The large genus Verbesina belongs to the subtribe Verbesininae in the tribe 
Heliantheae in the family Asteraceae. Previous investigations of the genus Verbesina 
have shown that some species typically contain cinnamate esters of eudesmanes.90-91 
In addition, other types of compounds such as kaurene derivatives,92 cadinanes and 
elemanolides93' 94 had been isolated. Eudesmanes common in Verbesina are also 
present in Brintonia discoidea (syn. Solidago discoidea).95 It has been reported that V. 
virginica had been used as a medicinal herb for the treatment of fever, stimulant, 
diuretic and antivenereal.4 
In search for bioactive natural products, we have investigated a Louisiana 
population of V.virginica. The major compounds isolated from V. virginica were known 
eudesmane cinnamates. Their structures were elucidated by spectroscopic methods, 
especially by high field *H and 13C NMR, COSY and iH-^C correlation methods as 
well as comparison with the previously reported data. 
Results and discussions 
The crude DCM extract of V. virginica showed 'H NMR signals indicating the 
presence of the cinnamate moiety. After VLC separations, the *H NMR spectra of 
intermediate fractions showed signals typical for the p-coumaric acid. Further 
separation by application of HPLC provided three eudesmane p-coumarates (57-59) and 
one borneol p-coumarate (60) (Fig. II. 34). 
The *H NMR spectrum of 57 (Fig. II. 35) showed two broad singlets at 8 4.60 
and 4.74 which indicated olefinic exocyclic methylene signals. A singlet at 8 5.72 
suggested a proton on an oxygen-bearing carbon with the p-coumarate moiety. Two sets 
of doublets at 8 6.84 (H-5'), 7.43 (H-6') and 8 6.27 (H-2'), 7.63 (H-3') were diagnostic of 
the p-coumarate. Two three-proton doublets at 8 0.85 (H-I3) and 8 1.03 (H-12) 
indicated an isopropyl unit in the molecule, while another sharp three-proton singlet at 8 
1.05 suggested an angular methyl group. The 13C NMR multipulse DEPT experiments 
of compound 57 (Fig. II. 36) provided information about the type of carbon signals: 
namely 8 CH, 6 CH2, 3 CH3 and 5 quaternary carbons. 2D Heteronuclear 13C-1h 
correlation experiment (Fig. II. 37) aided the assignment of the carbon skeleton. For 
instance, the carbon signal for the exocyclic methylene at 8 107.5 showed correlation 
with the proton signals at 8 4.60 and 4.74 (H-15) and two pairs of the p-coumarate 
signals at 8 6.84, 7.43 and 8 6.27, 7.63 correlated with the signals at 8 115.8 (C-51), 
130.0 (C-6') and 8 116.2 (C-2'), 144.3 (C-3'), respectively. Three methyl signals at 8 
20.4, 20.6 and 22.0 correlated with the signals at 8 0.85 (H-13), 1.06 (H-14) and 1.03 
(H-12), respectively. The remaining 9 proton-bearing carbons were assigned by ^C-^H 
correlation and DEPT experiments. The assignment of the quaternary carbons involved 
comparison of the 13C NMR data of compound 57 with those of related compounds 
from Brintonia.95 
Compound 58, C24H32O3, was a colorless oil exhibiting an NMR spectrum 
(Fig. II. 38) very similar to that of 57. Instead of the exocyclic methylene protons in 57, 
compound 58 showed a broad singlet at 8 5.38 together with an olefinic methyl 





Fig. II. 34. Terpene derivatives isolated from Verbesina virginica 
absorption suggesting that 58 represents a double bond isomer of 57 with a 3, 4- double 
bond. The mass spectral data of 58 supported its structure by the presence of the 
molecular ion at m/z 368 and a peak at m/z 204 due to the loss of p-coumaric acid. 
When compared with compound 57, the 13C NMR DEPT experiment of compound 58 
showed one additional methyl and one olefinic methine signal but lacked an olefinic 
CH2 signal. 
6p-p-Coumaroyloxy-4(5-hydroxyeudesmane (59) was isolated from the DCM 
extract of roots. Its lH NMR spectrum (Fig. II. 39) showed the same p-coumarate 
pattern as compounds 57 and 58, but did not exhibit either an exocyclic methylene 
signal as 57 nor the C-3 olefinic proton absorption as in 58. Instead, it gave two methyl 
singlets at 8 1.16 (H-14) and 1.18 (H-15) as well as two methyl doublets typical of the 
isopropyl group. Due to the small amount of sample, the 13C NMR spectrum could not 
be obtained. Therefore, its structure was confirmed only by comparison of the *H NMR 
data with previously reported data96 and the molecular ion from the MS data. 
Unlike the above eudesmane p-coumarates 57-59, compound 60 showed only 17 
carbon signals in the 13C NMR spectrum, suggesting a monoterpene skeleton in 60 
instead of the sesquiterpene moieties in 57-59. In its NMR (Fig. II. 40) appeared 
three methyl signals and a proton at 8 5.0 which indicated a proton on an oxygen-
bearing carbon. The 2D *H NMR COSY spectrum of compound 60 revealed all 
couplings of the proton signals, thus allowing the assignments of protons (Fig. II. 41). 
The proton at C-2 coupled with the geminally coupled protons at 8 2.41 (H-3a) and 1.04 
(H-3b). The proton H-3a showed further coupling with the signal at 8 1.71 (H-4). The 
multiplet at 8 1.77, which is assigned to H-5 coupled with H-6 (8 2.04) and another 
proton of H-5 (8 1.26). Based on the data described above, compound 60 was identified 
as borneol p-coumarates which had been previously isolated from V. semidecurrens.91 
However, the assignments of the *H NMR and 13C NMR signals were not reported. The 
*H NMR assignment of the monoterpene moiety was aided by comparison of the *H 
NMR signals with reported values for the related (-)-5-exo-hydroxyborneol98 and the p-
coumarate signals were assigned by comparison with the analogous ]H NMR signals of 
compounds 57-59. The 13C NMR DEPT experiment (Fig. II. 42) showed six CH, three 
CH2, three CH3 and four quaternary carbons. Each protonated carbons in the 
monoterpene moiety could be readily assigned by the ^C-^H correlation (Fig. II. 43) 
since H-2, H-3, H-4, H-5, H-6, H-8, H-9 and H-10 showed coupling with the carbon 
signals at 8 79.9, 36.9, 44.9, 28.0, 27.2, 13.6, 18.9, and 19.7, respectively. The 
quaternary carbons C-1 and C-7 were assigned by comparison with the data reported 
previously.98 Therefore, from the !h and 13C NMR data of the combined (-)-5-exo-
hydroxyborneol and p-coumarate moiety, the assignment of the and 13C NMR 
signals of compound 60 was completed. 
Experimental 
General. 1H, 13C NMR were recorded on a Bruker AM 400 spectrometer in 
CDCI3. IR spectra were obtained from a Perkin-Elmer 1760X spectrometer in film on 
KBr plates. Vacuum liquid chromatographic separations were carried out on silica gel 
(MN Kieselgel G). Preparative HPLC separation were made on a LDC/ Milton Roy CM 
4000 multi solvent delivery system with an ISCO UV detector using wavelength at 230 
nm using an Alltech ECONOSIL CI8 10 U column. 
Plant material. Verbesina virginica L. was collected in Sep. 28, 1993 along 
Highland Road, ca. 0.5 miles south of LSU, East Baton Rouge Parish, Louisiana, U. S. 
A. (Voucher No. Fischer-Tak No 478). The voucher is deposited at the Louisiana State 
University Herbarium. 
Extraction and isolation. Fresh roots (250g) were separated from stems and 
leaves and soaked overnight with 1.5 L of DCM and reextracted twice to get 1.5g of 
crude DCM extract which was chromatographed on silica gel using VLC with hexane-
EtOAc mixtures of increasing polarity. Seventy three fractions of 20ml each were 
collected. Frs 11-13, which were eluted with hexane-EtOAc (85:15), were combined 
and chromatographed by prep. HPLC on the reverse phase column using as a mobile 
phase Me0H-H20 (9:1) to give 10 mg of 57 and 12 mg of 58. Fr. 36 was purified by 
using reverse-phase-prep. HPLC with Me0H-H20 (4:1) as a mobile phase providing 
4mg of 59. Further purification of fr. 20 by reverse phase-prep. HPLC ( Me0H-H20 ; 
9:1) gave 15mg of 60. 
6P-p-Coumaroyloxy-eudesm-4(15)-ene (57). C24H32O3, colorless gum; EIMS, 
m/z (rel. int.): 368 [M]+ (10.1); 204 [M-HO-C6H4CH=CH-COOH]+ (24.3); 189 [204-
Me]+ (12.3); 161 [204-C3H7]+ (53.4); 147 [HO-C6H4CH=CH-CO]+ (100); 119 [147-
CO]+ (29.6). ^C NMR data in Table II. 9 and 'H NMR data in Table II. 10. 
6P-p-Coumaroyloxy-eudesm-4(3)-ene (58). C24H32O3, gum; EIMS, m/z (rel. 
int.): 368 [M]+ (12.73); 204 [M-HO-C6H4CH=CH-COOH]+(48.40); 189 [204-Me]+ 
(22.98); 161 [204-C3H7]+ (85.46); 147 [HO-C6H4CH=CH-CO]+ (100). 13c NMR data 
in Table II. 9 and !H NMR data in Table II. 10. 
6p-p-Coumaroyloxy-4P-hydroxyeudesmane (59). C24H3404, gum; FABMS: 386 
[M]+. !3c NMR data in Table II. 9 and *H NMR data in Table II. 10. 
Borneol, p-coumarate (60). C19H24O3, LCMS, m/z ( rel. int.): 300 [M]+ (5.6); 
164 [HO-C6H4CH=CH-COOH]+ (3.3); 147 [HO-C6H4CH=CH-CO]+ (100). 13C NMR 
data in Table II. 9 and *H NMR data in Table II. 10. 
Table II. 9. 13C NMR spectral data of compound 57,58 and 60 (400 MHz in CDCI3). 
c* 57 58 60 
1 37.5 t 39.91 48.9 s 
2 22.8 t 22.9 t 79.9 d 
3 44.5 t 122.8 d 36.9 t 
4 147.1 s 133.2 s 44.9 d 
5 53.6 d 50.8 d 28.0 t 
6 71.4 d 71.3 d 27.2 t 
7 50.6 d 49.8 d 47.8 s 
8 20.8 t 20.8 t 13.6 q 
9 41.5 t 40.41 18.9 q 
10 36.1 s 32.8 s 19.7 q 
11 28.1 d 28.7 d -
12 22.0 q 22.2 q -
13 20.4 q 20. lq -
14 20.6 q 19.2 q -
15 107.5 t 20.9 q -
1* 167.3 s 166.7 s 167.8 s 
2' 116.2 d 116.4 d 116.3 d 
3' 144.3 d 144.1 d 143.8 d 
4' 127.4 s 127.4 s 127.3 s 
5' 115.8 d 115.8 d 115.8 d 
6' 130.0 d 129.9 d 129.9 d 
T 157.6 157.5 s 157.5 s 
* Peak multiplicities were determined by heteronuclear multipulse programs 
(DEPT). 
Table. II. 10. 'H NMR spectral data of compounds 57- 60 (400 MHz in CDCI3). 
H 57 58 59 60 
1 - 1.33 m - -
2 - 1.97 m, 2.11 m - 5.00 dd 
3 - 5.38 br s - 2.41m, 1.04 dd 
4 - - 1.71 m 
5 1.98 br s 2.11 br s - 1.77 m, 1.26 m 
6 5.72 br s 5.72 brs 5.49 s 2.04 m, 1.34 m 
7 - 1.22 m -
8 - - - 0.87 s 
9 - - - 0.94 s 
10 - - - 0.89 s 
11 1.42 m 1.45 m - -
12 1.03 d 1.02 d 0.90 d -




4.60 br s, 
4.74 br s 
1.12s 




2' 6.27 d 6.24 d 6.31 d 6.33 d 
3' 7.63 d 7.60 d 7.65 d 7.61 d 
5' 6.84 d 6.83 d 6.85 d 6.84 d 
6' 7.43 d 7.41 d 7.47 d 7.44 d 
J (Hz) 57: 11, 12=6.4; 11, 13=6.7; 2', 3'=15.9; 5', 6'=8.6 
58: 11,12=6.6; 11,13=6.7; 2', 3'=15.9; 5', 6'=8.6 
59: 2\ 3-15.9; 5', 6'=8.6 
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Fig. II. 36. DEPT 90,135 and BB 13C NMR spectra ol 
6p-p- coumaroyloxy-eudesm-4(15)-ene (57). 
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Fig. n. 38. *H NMR spectrum of 6P-p-coumaroyloxy-eudesm-4(3)-ene (58). 
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Fig. II. 41. 2D *H NMR COSY spectrum of borneol p-coumarate (60). 
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Fig. II. 43. !H-13C correlation spectrum of borneol p-coumarate (60). 
H. 4. CONSTITUENTS OF COREOPSIS SPECIES 
Introduction 
Members of the genus Coreopsis (Asteraceae, tribe Helianthae, subtribe 
Coreopsidinae) had been used in folk medicine for curing various illnesses ranging from 
internal pains and bleeding to "life medicine".4 For example, Coreopsis tinctoria, 
commonly known as tickseed, had been used by Native American (Cherokee) as an 
antidiarrheal agent. So far chemical investigations of Coreopsis species has resulted in 
the isolation of acetylenic compounds,13 flavonoids" as well as phenylpropane 
derivatives.100'101 The biosynthesis of the biologically active polyacetylenes derived 
from genus Coreopsis has also been studied.102 Among the species studied in a 
biochemical systematic analysis of Coreopsis were C. nuecensis A. Heller, C. parvifolia 
Blake, C. microlepis, C. woytkoskii, C. senaria, C. fasciculata, C. mitica, C. longipes, C. 
capillacea and C. nodosa.100' 101, 103' 104 From C. nuecensis and C. parvifolia , 
polyacetylenes (65, 66, 67) as well as phenylpropane derivatives were isolated. From 
the rest of the species mentioned above, mainly phenylpropane derivatives such as 
compounds 61 and 68, the perezone derivative 69 and other sesquiterpenes, including 5-
acetoxycurcuquinol (70), were reported (Fig. II. 44). 
The chemical study of Louisiana native Coreopsis species is described below. 
From the roots of C. tinctoria and C. intermedia, l'-isobutyryloxyeugenol-4-isobutyrate 
(61), its l'-acetate analog (62) and the phenylpropanol derivative 63 were obtained. In 
addition, the flowers of C. tinctoria afforded methyl p-coumarate (64) (Fig. II. 43). 
Results and discussions 
The 'H NMR spectrum of compound 61 (Fig. II. 45) gave absorptions at 81.31, 
2.83 and 1.20, 1.18, 2.61 which suggested two isopropyl units. The 2D iH-^H COSY 
spectrum showed couplings between the signal at 8 1.31 and 2.83 while the doublets at 8 
1.20 and 1.18 coupled to the multiplet at 8 2.61 supporting the two isopropyl units. 
Further overlapping signals were shown in the aromatic region, among which the signal 
at 8 6.92 coupled with the signal at 8 6.98. Two mutually coupled olefinic signals at 8 
5.27 and 5.98 were assigned to methylene and methine protons with the aid of DEPT 
experiment. A proton absorption at 8 6.24 also showed the coupling with the signal at 8 
5.98 by iH-lH COSY experiment, suggesting the presence of a vinyl group. The 13C 
NMR spectrum of compound 61 and multipulse DEPT experiment (Fig. II. 46) aided in 
the assignment of the signals of the carbon skeleton. The protonated carbons were easily 
assigned by the ^C^H correlation (Fig. II. 47). The isopropyl methyl protons, 8 
1.31(H-3", H-4") correlated with the carbon signals at 8 19.0 and the H-2", H-2'" signals 
at 8 2.83 and 2.61 gave correlations with the carbon signals at 8 34.0, 34.1, respectively. 
Another isopropyl protons at 8 1.20 (H-3'"), 1.18 (H-4"') showed correlations with the 
carbon signal at 8 18.9 while the methoxy methyl signal at 8 3.81 coupled with the 
carbon signal at 8 55.9. The aromatic protons, H-2, H-5 and H-6 coupled with the 
methine signals at 8 111.3, 122.7 and 119.4, respectively. The remaining proton-bearing 
carbons at 8 75.3, 116.8 and 136.2 were assigned to C-l', C-3' and C-2' since they 
showed coupling with H-l', H-3' and H-2', respectively. The spectroscopical data 
suggested the structure 61, which was confirmed by comparison with the reported lH 
and 13C NMR values.103'105 
Compound 62 exhibited a *H NMR spectrum (Fig. II. 48) very similar to that of 
compound 61, differing only by the absence of signals for one isopropyl unit and the 
presence of an three-proton acetate methyl signal at 8 2.11. The 13C NMR and 
multipulse DEPT spectra of compound 62 were also very similar to the ones for 
compound 61. The main difference was found in the presence of signals at 8 21.2 and 
175.1, typical for the acetate group instead of the three signals at 8 18.9, 34.1 and 175.8 
for the isopropyl unit. Based on the above spectral data, the structure was identified as 
l'-acetoxyeugenol-4-isobutyrate which had been previously isolated from other 
Coreopsis species.101 Its identity was further confirmed by detailed comparison of JH 
NMR and MS data.103 
In compound 63, the ^ NMR spectral data (Fig. II. 49) indicated an epoxide 
ring with a structure similar to compound 61. When compared to compound 61, the 
double bond signals found in 61 were missing but new signals appeared upfield. 
Compound 63 also showed two isopropyl units at 8 1.16 (H-6',H-7"), 2.57 (H-5") and 8 
1.31 (H-3", H-4"), 2.83 (H-2"). The GC/MS spectrum gave a parent peak at m/z=336 
which indicated an additional oxygen compared with compound 61 (w/z=320). This 
suggested that the additional oxygen in 63 had to be an epoxide instead of a double 
bond. Therefore, the structure was assigned as a phenylpropanol derivative (63). The 
spectral data were essentially identical with data previously reported.103 
99 
The JH NMR spectrum of compound 64 (Fig. II. 50) showed a pattern similar to 
a p-substituted-cinnamate unit with an additional methoxy signal at 8 3.80. The 
coupling constant between H-l' ( 8 7.64) and H-2' ( 8 6.30) is 16 Hz, suggesting that the 
olefinic protons are in trans-oriented. Based on these data, it was concluded that the 
structure of compound 64 is the methyl ester of p-coumaric acid which also occurs in 
roots of Prunus serotina.106 The MS spectrum of compound 64 showed a molecular ion 
at m/z=178 which was in agreement with the formula C10H10O3 for the proposed 
structure 64. The complete assignment of the *H and 13C NMR signals are presented in 
Table II. 11 and II. 12, respectively. Several different types of p-coumaric acid 
derivatives had been previously isolated from Artemisia monosperma.107 
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General experimental procedure. 1H, 13C NMR were recorded on a Bruker AM 
400 spectrometer in CDCI3. Vacuum liquid chromatographic separation was made on 
silica gel (MN Kieselgel G). Preparative HPLC separations were made by LDC/ Milton 
Roy CM 4000 multi solvent delivery system with an ISCO UV detector using 
wavelength at 230nm with the use of Alltech ECONOSIL C18 10 U column. 
Plant material. Aerial parts and roots of C. tinctoria Nutt. were collected in East 
Baton Rouge Parish along Kenilworth Parkway in May 1994; voucher deposited at the 
Louisiana State University Herbarium, Voucher No. Fischer #510. Roots of C. 
intermedia were collected in Caddo Parish, Louisiana, in July, 1994 (Voucher No. 
Fischer #521). 
Extraction and isolation. Roots (175g) of C. tinctoria Nutt. were separated from 
the stems and soaked and extracted twice with 1.4L of dichloromethane (DCM) giving 
lg of crude extract. The flowers (510g) were extracted with 2.5L of DCM to afford 2g 
of crude extract. The above crude root extract was subjected to vacuum liquid 
chromatography, eluting with hexane and ethyl acetate (EtOAc) mixtures of gradually 
increasing polarity yielding 65 x 20ml fraction. Fr. 22 afforded lOmg of 1'-
isobutyryloxyeugenol-4-isobutyrate (61). Fraction 27 (lOOmg) was subjected to reverse-
phase preparative HPLC with MeOH- H2O (4:1) giving 15mg of compound 62. VLC 
fraction 33 was rechromatographed by reverse-phase prep. HPLC with a mixture of 
Me0H-H20 (17:3) to yield 17 mg of 63. The flowers extract (2g) was also 
chromatographed on VLC. The fraction which was eluted with hexane and EtOAc (3:2) 
was rechromatographed by reverse-phase prep. HPLC with Me0H:H20 (4:1) to give 
15mg of 64. 
Air dried roots (90g) of C. intermedia were cut into small pieces and soaked 
three times with 0.8L of DCM for 24 hrs to give 700 mg of crude extract. VLC of this 
extract with hexane and EtOAc mixtures of increasing polarity afforded 24 mg of 1'-
isobutyryIoxyeugenol-4-isobutyrate (61) and compound 62 (20mg). 
l'-Isobutyryloxyeugenol-4-isobutyrate (61). C18H24O5, gum; EIMS m/z (rel. int.) 
320 [M]+ (2.9); ; 180 (100); 71 [C3H7CO]+ (22); 43 [C3H7]+ (45). !H NMR data in 
Table II. 11 and 13C NMR data in Table II. 12. 
r-Acetoxyeugenol-4-isobutyrate (62). C16H20O5, gum; EIMS m/z (rel. int.) 
292 [M]+ (3.0); 71 [C3H7CO]+ (23.5); 43 [C3H7]+, [CH3CO]+ (100). *H NMR data in 
Table II. 11 and 13C NMR data in Table II. 12. 
Coniferyl alcohol derivative (63). C18H24O6, gum; EIMS m/z (rel. int.) 336[M]+ 
(1.6); 71 [C3H7CO]+ (50.9); 43 [C3H7]+ (100). NMR data in Table II. 11 and 13c 
NMR data in Table II. 12. 
p-Coumaric acid, methyl ester (64). CIOHIO03; EIMS m/z (rel. int.) 178 [M]+ 
(65.4); 147 [M- OCH3]+ (100); 119 [M- C02CH3]+ (26.7). lU NMR data in Table II. 
11 and 13C NMR data in Table II. 12. 
Table II. 11. NMR spectral data of compounds 61-64 (CDCI3, TMS as int. 
standard). 
H 61 62 63 64 




(overlapped) 7.42 d 
3 - - - 6.85 d 
5 6.98 d 6.98 d 7.00 d 6.85 d 




(overlapped) 7.42 d 
1' 6.24 d 6.24 d 4.15 d 7.64 d 
2' 5.98 ddd 5.99 ddd 3.45 ddd 6.30 d 
3' 5.27 dd 5.27 dd 4.06 dd 
3.87 dd 
-
5' - - 2.57 qq -
6' - - 1.16 d -
T - - 1.16 d -
2" 2.83 qq 2.83 qq 2.83 qq -
3" 1.31 d 1.31 d 1.31 d -
4" 1.31 d 1.31 d 1.31 d -
2"' 2.61 qq - - -
3", 1.20 d - - -
4'" 1.18 d - - -
Ac - 2.11 s - -
OCH3 3.81 s 3.82 s 3.81 s 3.80 s 
J (Hz): 61: 2'", 3'" = 6.84: 2'", 4"' = 7.12: 2", 3"=6.9: 2", 4"= 6.9. 
62: 2", 3"=7.1: 2", 4"= 7.1 
63: 5', 6'=7.2: 2", 3"=6.9 
64: 1', 2'= 16: 2, 3=8.6: 5, 6=8.6 
Table II .12. *3 q NMR spectral data of compounds 61-63 (CDCI3, TMS as int. 
standard). 
c 61 62 63 
1 137.7 s 137.4 s 132.9 s 
2 111.3d 111.5 d 110.3 d 
3 151.1 s 151.2 s 151.1 s 
4 139.7 s 139.8 s 139.7 s 
5 122.7 d 122.7 d 122.8 d 
6 119.4 d 119.6 d 118.5 d 
1' 75.3 d 75.7 d 56.2 d 
2' 136.2 d 136.0 d 56.1 d 
3' 116.8 t 117.01 62.1 t 
4' - - 176.8 s 
5' - - 33.8 d 
6' - - 18.9 q 
T - - 18.9 q 
1" 175.1 s 175.1 s 175.1 s 
2" 34.0 d 34.0 d 33.9 d 
3" 19.0 q 19.0 q 18.9 q 
4" 19.0 q 19.0 q 18.9 q 
1", 175.8 s - -
2". 34.1 d - -
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Fig. n. 45. NMR spectrum of l'-isobutyryloxyeugenol-4-isobutyrate (61). 
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Fig. II. 48. *H NMR spectrum of acetoxyeugenol-4-isobutyrate (62). 
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n. 5. INVESTIGATION OF THE CHEMICAL CONSTITUENTS OF 
ERIGERON SPECIES 
Introduction 
In our search for biologically active compounds from higher plants of the 
southeastern USA, we had previously investigated the daisy fleabane (Erigeron 
philadelphicus) which had provided the known triterpenes cycloartenone and erythrodiol 
and a series of polyacetylenic compounds including matricaria ester and its 
derivatives.108 Since members of the genus Erigeron (Asteraceae) have been commonly 
used by native Americans as medicinal herbs against a variety of ailments,4 we have 
investigated E. annuus and E. strigosus for their chemical constituents. Aerial parts of 
both species provided 3-hydroxy-4-pyrone (pyromeconic acid, 71)109 which belongs to 
a group of compounds used as flavoring agents and food preservatives.110 Compound 
71 had been previously isolated from E. breviscapus and it was shown to accelerate 
blood flow of arterioles and venules.111 Below, we report the molecular structure of 3-
hydroxy-4-pyrone, which was determined by single crystal X-ray diffraction. From E. 
vernus, the known polyacetylenes cis,cis -matricaria ester and dihydro-c/.v -matricaria 
ester,13 as well as an acetophenone derivative (74) were isolated (Fig. II. 51). 
Results and discussions 
The aerial parts of E. annuus were found to be very rich in compound 71 which 
was the major constituent. Its *H NMR spectrum showed one singlet at 8 7.88 and two 
mutually couples doublet at 8 6.49 (H-5), 7.78 (H-6) (Fig. II. 52) as indicated by COSY. 
The 13C NMR (Fig. II. 53) showed 5 signals with one conjugated carbonyl quaternary 
signal at 8 174.1 (C-4). Other carbon signals were assigned with the aid of 13C-JH 
correlation experiments since the proton signals at 8 6.47 (H-5), 7.78 (H-6) and 7.87 (H-
2) showed coupling with the signals at 8 113.75 (C-5), 155.4 (C-6) and 138.9 (C-2), 
respectively. Therefore, the remaining carbon signal at 8 146.8 is assigned to C-3. The 
*H NMR as well as c NMR data were in agreement with those reported in the 
literature.112'113 
The crystal structure of 71 is illustrated in Fig. II. 54 and its coordinates are 
tabulated in Table II. 13. The pyran ring is very nearly planar, its six atoms exhibiting 
average deviation from coplanarity 0.005A, with a maximum deviation of 0.011(2)A for 
C4. Oxygen atoms 07 and 08 lie slightly out of this plane on opposite sides, with 
deviations 0.052(2)A for 07 and -0.048(2)A for 08. Bond distances are within expected 
limits. The C4=07 bond distance, 1.249(2)A, is slightly longer than the mean value, 
1.233A, of 28 bonds of type (C=C)2-C=0.114 The corresponding bond distance in kojic 
acid,115 which differs from 71 only by having a CH2OH substituent at C6, is 1.244(1)A, 
in good agreement with that found here. Molecules are linked in the solid by 
intermolecular hydrogen bonds involving the OH group 08 and the carbonyl oxygen 
atom 07. The O—O distance is 2.704(2)A, the H—O distance is 1.84(3)A, and the angle 
about H8 is 152(2)°. The conformation of the OH group is that which has the H atom in 
the plane of the molecule, thus the hydrogen bond may be considered asymmetrically 
bifurcated, with an intramolecular component having 07—08 distance 2.776(2)A and 
O-H-O angle 102(2)°. 
The dichloromethane extract of roots of E. vermis gave, after purification by 
vacuum liquid chromatography (VLC) followed by semi-prep HPLC, cis, c/s-matricaria 
ester (72) and dihydro-cw- matricaria ester (73) which had been previously isolated from 
the roots of E. philadelphicus. cis, c/s-Matricaria ester (72) was found to be the major 
compound in the roots of E. vernus with dihydro cis- matricaria ester (73) as the second 
major constituent.13 The JH NMR data (Fig. II. 55) of 2 was in very close agreement 
with those previously reported.13 
When compared with that of cis, aVmatricaria ester (72), the NMR spectrum 
of dihydro-c/.v- matricaria ester (73) (Fig. II. 56) showed two triplet at 8 2.38 (H-8) and 
I.02 (H-10) and one multiplet at 8 1.6 instead of doublet at 8 1.94, 5.61 and at 8 6.23 
suggesting one more proton at both H-8 and H-9. The mass spectrum of 73 gave a 
molecular ion peak (base peak) at m/z 176 which supported the assigned structure. 
One new aromatic compound (74), 2-acetyl-3, 6-dimethoxyphenol, was isolated 
from leaves of E. vernus. Similar acetophenone derivative, 2-acetyl-3, 5-
dimethoxyphenol which is commonly known as xanthoxylin had been obtained from 
Xanthoxylum pipertum and Artemisia brevifolia.116 The *H NMR spectrum of 74 (Fig. 
II. 57) showed a signal at 8 14.05 suggesting the presence of hydroxyl group with strong 
intramolecular hydrogen bonding. It also showed two methoxy signals at 8 3.83 and 
3.85 as well as an acetyl signal at 8 2.61. In order to assign the position of two methoxy 
groups and the two aromatic hydrogens, NOE (Nuclear Overhauser Effect) difference 
experiment of two aromatic proton signals were performed. Irradiation of one aromatic 
proton signals at 8 5.92 gave an NOE of other proton at 8 6.06 and reciprocal effect was 
also observed suggesting that these two protons are adjacent (Fig. II. 58). This was also 
supported from the coupling constant between two proton being 2.4 Hz assigning two 
methoxy group at C-3 and 6 positions. The mass spectral data of 73 confirmed its 
structure by the presence of the molecular ion at m/z 196 and a peak at m/z 181 formed 
by the loss of a methyl group. 
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Fig. II. 51. Compounds isolated from the genus Erigeron. 
Experimental 
General experimental procedure. !H, 13C NMR were recorded on a Bruker AM 
400 spectrometer in CDCI3. Vacuum liquid chromatographic separation was made on 
silica gel (MN Kieselgel G). Preparative HPLC separations were made by LDC/ Milton 
Roy CM 4000 multi solvent delivery system with an ISCO UV detector using 
wavelength at 230nm with the use of Alltech ECONOSIL C18 10 U column. 
Plant material. Erigeron annuus (L.) Pers. and E. strigosus Muhl. ex Willd. were 
collected on 18 May, 1993 in Richland Parish, Louisiana, U.S.A. E. vermis was also 
collected on 23 April, 1994 in Washington Parish, Louisiana. The vouchers (N. H. 
Fischer and H. D. Fischer No. 456, 455 and Tak 2, respectively) are deposited at the 
Louisiana State University Herbarium at Baton Rouge. 
Extractions and isolations. The dried aerial parts of E. annuus (363g) were ground and 
soaked in 1.5L of CH2CI2 for two days. After suction filtration and evaporation of the 
solvent in vacuo, the crude extract (3.2g) was subjected to VLC 68 with hexane and ethyl 
acetate (EtOAc) mixtures of increasing polarity. Fractions of intermediate polarity 
[hexane/EtOAc (3:2;v:v)] yielded 90mg of crystalline 71. The presence of 71 in E. 
strigosus was unambiguously established by *H NMR of its crude extract. 
The roots of E. vernus were extracted with 1.5L of CH2CI2 twice providing lg of 
crude extract which was subjected to VLC. The early fractions which were eluted with 
hexane-EtOAc(9:l) yield 20 mg of cis.cis- matricaria ester (72). Fraction 20 
(hexane/EtOAc;17:3) was subjected to further separation using HPLC (Me0H/H20;4:l) 
and gave lOmg of dihydro-c/s- matricaria ester (73). The aerial parts of E. vernus 
separated from roots were soaked in 1.2L of CH2CI2 twice. The crude extract (lg) was 
chromatographed by VLC providing 90X20 ml fractions. Fractions 26-27 was subjected 
to HPLC using as the mobile Me0H-H20 (9:1) yielded 7mg of 74. 
3-Hydroxy-4-pyrone (71). C5H4O3, Yellowish crystral; EIMS m/z (rel. int.): 112 
[M]+ (100). 
cis.cis- Matricaria ester (72). C11H10O2, gum; EIMS m/z (rel. int.): 174 [M]+ 
(78.6); 159 [M-CH3]+ (46.2); 143 [M-OCH3]+ (28.6); 115 [M-CH3C02]+ (32.6). 
Dihydro-c/s- matricaria ester (73). C11H12O2, gum; EIMS m/z (rel. int.): 176 
[M]+ (100); 161 [M-CH3]+ (17.2); 147 {M-CH2CH3]+ (80.3); 145 [M-OCH3]+ (32.5); 
117 [M-CH3C02]+(15.5) 
2-Acetyl-3,6-dimethoxyphenol (74).CioHi204, gum; EIMS m/z (rel. int.): 196 
[M]+ (31.37); 181 [M-CH3]+ (100); 166 [M- 2CH3]+ (8.6); 151 [M- 3CH3]+ (2.0) 
X-ray data of 3-hydroxy-4-pvrone (71). A colorless crystal of dimensions 
0.40x0.35x0.35mm was used for data collection on an Enraf-Nonius CAD4 
diffractometer equipped with MoKa radiation (A.=0.71073 A), and a graphite 
monochromator. The crystal was sealed in a capillary to avoid sublimation during data 
collection. Crystal data are: C5H4O3, Mr=112.1, orthorhombic space group P2i2i2i, 
a=4.8652(2), b=6.7528(4), c=14.6662(8)A, V=481.84(7)A3, Z=4, dc=1.545 g cm*3, 
T=22°. Intensity data were measured by co-20 scans of variable rate, 0.69-3.30° mur1. 
An octant of data was collected within the limits 2 < 20 < 10°. Data reduction included 
corrections for background, Lorentz, and polarization effects. Absorption effects (|i=1.2 
cm-1) were negligible, and standard reflections did not decrease in intensity during data 
collection. Of 1249 unique data, 935 had I>la(I) and were used in the refinement. 
The structure was solved by direct methods and refined by full-matrix least 
squares based on F with weights w = a 2(F0), using the Enraf-Nonius MolEN 
programs.89 Nonhydrogen atoms were refined anisotropically, while hydrogen atoms 
were refined isotropically. An extinction coefficient refined to a final value of 
117 
2.7(6)xl0-6. Convergence was achieved with R=0.048, Rw=0.042 using 90 variables, 
with maximum residual electron density 0.21 eA'3. Bond distances and angles, as well 
as anisotropic thermal parameters are given in Table n. 13. 
Table 11.13. Fractional atomic coordinates and equivalent isotropic 
thermal parameters (A2) of 3-hydroxy-4-pyrone (71). 
X y z Beq 
Ol 0.6780(3) 0.6704(2) 0.05767(8) 3.98(3) 
C2 0.5444(4) 0.4952(3) 0.0652(1) 3.50(3) 
C3 0.3344(4) 0.4653(2) 0.1230(1) 2.94(3) 
C4 0.2450(4) 0.6234(2) 0.1827(1) 2.67(3) 
C5 0.3905(4) 0.8050(3) 0.1708(1) 3.06(3) 
C6 0.5955(4) 0.8196(3) 0.1114(1) 3.76(4) 
07 0.0570(3) 0.5963(2) 0.23926(8) 3.60(2) 
08 0.2067(3) 0.2878(2) 0.12447(8) 4.25(3) 
H2 0.607(4) 0.398(3) 0.024(1) 4.9(5)* 
H5 0.332(4) 0.922(2) 0.205(1) 3.7(4)* 
H6 0.715(4) 0.931(3) 0.101(1) 4.5(5)* 
H8 0.100(6) 0.264(4) 0.177(2) 8.4(7)* 
Hydrogen atoms were refined isotropically, and BjS0 values are given. 
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Fig. II. 53. 13C NMR spectrum of 3-hydroxy-4-pyrone (71). 
Fig. II. 54. The molecular structure of 3-hydroxy-4-pyrone (71). 
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Fig. 11.55. NMR spectrum of cis.cis- matricaria ester (72). 
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Fig. II. 57. NMR spectrum of compound 74. 
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Fig. II. 58. NOE difference experiment spectra of compound 74. 
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CHAPTER III 




HI. 1. INTRODUCTION 
History of allelopathy 
Allelopathy is defined as the inhibitory or stimulatory biochemical interactions 
between all types of plants including microorganisms.117 Observations of the 
allelopathic phenomenon were clearly demonstrated more than a century ago, when in 
1881, it was observed that the vegetation under the black walnut tree, Juglans nigra, 
wilted and died which was not the case when growing below other common shade trees. 
In a later study,118 it was shown that tomato and alfalfa plants died when growing in a 
radius below the size of the canopy of a walnut tree. It was found that the walnut leaves 
contain a non-toxic phenolic glucoside, which after hydrolysis and microbial oxidation 
was converted to an allelopathic toxin for the neighboring plants. The bound toxin was 
identified as the 4-glucoside of 1,4,5-trihydroxynaphthalene, which upon microbial 
hydrolysis and oxidation is converted to the naphthoquinone, juglone. The walnut case 
is of interest because the latent toxin exists in the plant as a non-toxic glycoside which is 
converted into an active toxin after release from the leaves and stems into the soil 





Bound form of toxin 
Scheme. III. 1. Formation of allelopathic juglone from its non-toxic bound form. 
Allelopathic phenomena in the Florida scrub 
In the southeastern coastal plains of the United States, there exist two distinct 
types of vegetation, the sandhill and scrub community, which are separated by a bare 
zone (ecotone) of no or little growth of vegetation. The two communities occur on 
adjacent sites and even though they have the same subtropical climate with frequent 
heavy rains, the two plant communities have a distinctly different species composition. 
Even though it has been found that there are no significant differences in physical and 
chemical soil characteristics such as soil nutrients, soil pH or soil texture between scrub 
and sandhill soils, the two communities are maintained as separate entities.119 Another 
major distinction between the two communities is the frequency of natural fires. In the 
mature sandhills, frequent surface fires occur. Grasses and pines needles in the sandhill 
community are burned by the surface fires to provide beneficial nutrients. The fires are 
extinguished when they reach the ecotone due to the lack of surface vegetation. By 
contrast, infrequent (every 20-50 years), hot crown fires in the scrub devastate shrub 
species. The general different characteristics between the two communities are listed in 
Table III. 1.120,121 
This research is based on the hypothesis that during the long fire-free periods in 
the scrub, the fire-sensitive shrubs of the scrub community protect themselves from 
natural fires by releasing into the environment allelotoxins which inhibit the germination 
and growth of fire-facilitating grasses (Schizachyrium scoparium and Leptochloa dubia ) 
and pines (Pinus palustris and P. elliottii) of the adjacent sandhill community. 
129 
The goal of this study is to investigate the mechanisms of allelopathy of scrub 
plants which produce and release chemicals that inhibit or stimulate the growth of other 
plants in the Florida scrub community. 
Table III. 1. Comparison of Florida's SCRUB and SANDHILL vegetation types 












Ground cover little complete 
Shrub cover very dense very sparse 
Surface litter light heavy 
Foliage phenology evergreen deciduous 
Fire frequency 20-50 years 3-8 years 
Fire type crown surface 
Growth rates 






Evidence of allelopathy yes no 
Ceratiola ericoides (Empetraceae),62 which is monotypic genus, is an endemic 
scrub of the Florida scrub community commonly referred to as false rosemary which 
was shown to inhibit germination and growth of fire-facilitating graminoids and pines of 
the sandhill.122 Bioassay results, testing the allelopathic effect of aqueous extract of C. 
ericoides leaves and litter, had shown litter extracts to be inhibitory to the germination 
and radicle growth of native grasses of adjacent sandhill community whereas fresh 
leaves extracts were only mild allelopathic.123 Chemical investigation of C. ericoides 
which was the possible allelopathic plant resulted in the isolation of the dihydrochalcone 
ceratiolin (75) and angoletin (77) as well as known flavonoids (Fig. III. 2).124 The 
dihydrochalcone, ceratiolin (75), which is leached from fresh leaves and litter of C. 
ericoides is non-toxic and showed no significant effects on the germination of sandhill 
grasses. However, ceratiolin (75) decomposes readily in aqueous solution to 
hydrocinnamic acid (HCA) which has been shown to inhibit the germination and radicle 
growth of grasses common to the neighboring Florida sandhill community.124 
Furthermore, HCA spiked in non-sterile scrub soil disappeared after 60 hours and 
acetophenone (ACP) appeared in soil extracts,120 which is also inhibitory to sandhill 
grasses.125 In sterile soil, ACP was not found indicating that this degradation is a 
microbacterial process rather than an air-oxidative decomposition of HCA. The 
degradation of ceratiolin is summarized in Fig. III. 1. 
In this chapter, the chemical investigation of C. ericoides including the 
molecular structure of ceratiolin (75), which was determined by single crystal X-ray 
diffraction, will be described. Furthermore, the degradation process of ceratiolin (75) is 
further studied since there had been indications of photochemical degradation of 
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Fig III. 1. Degradation of ceratiolin (75) to allelopathic agents. 
HI. 2 RESULTS AND DISCUSSIONS 
Chemical constituents of Ceratiola ericoides 
From the water extract of the leaves of C. ericoides, the main external 
constituent found on the leaf surface of this plant is ceratiolin (75), which was isolated 
as a yellowish crystalline compound. Its crystal structure is illustrated in Fig. III. 5 and 
its cooreinates are tabulated in Table III. 3. This crystalline material was confirmed to 
be a dihydrochalcone containing a fully substituted cyclohexadienone ring. This ring 
has a flattened half-chair conformation, with the dione carbon atom 0.203(1)A out of the 
diene plane and the tetrahedral carbon atom 0.184(1) A to the opposite side of the plane. 
The hydroxy substituent on the tetrahedral carbon atom forms an intramolecular 
hydrogen bond to the carbonyl oxygen atom of the cyclohexadienone, having 0—0 
distance 2.658(1)A and angle at H 116(2)°. One of the other hydroxy substituents forms 
an intramolecular hydrogen bond with the carbonyl oxygen atom of the P-
phenylpropionyl group, having 0—0 distance 2.414(2) A and angle at H 160(2)°. The 
initial structure of ceratiolin was inferred from NMR, mass spectral and chemical 
data.124 Although its structure was later verified by total synthesis,126 the initial 
structure elucidation was partially based on biogenetic considerations, which left some 
structural uncertainties. This fact together with the structural uniqueness of the 
cyclohexadienone moiety of ceratiolin, for which to our best knowledge no molecular 
structure is known, led to the determination of its X-ray structure. The conformation of 
the p-phenylpropionyl substituent is described by three torsion angles. That about the 
central C8-C9 bond is anti , while the C9-C8-C7-05 torsion angle is more nearly 
orthogonal, 102.4 (2)°, as is that defining the conformation of the phenyl group relative 
to the propionyl group, C8-C9-C10-C11, 69.8 (2)°. The first intramolecular hydrogen 
bond described above, 02-H—01, is actually bifurcated, the second component being 
intermolecular, and also with carbonyl 01 (at -x, 1-y, 1-z) as acceptor. The 0—0 
distance in this contact is 2.875 (1)A, and the angle about H is 147 (2)°. Another 
intermolecular OH—O hydrogen bond exists, with 03 as donor and hydroxy group 02 
(at 1-x, 1-y, 1-z) as acceptor. This contact has 0—0 distance 2.677 (1)A and angle at H 
151 (2)°. This hydrogen bond may also be considered to be bifurcated, with an 
intramolecular component, 03—02 2.719 (1)A , OH—O 107 (2)°. (Fig. III. 5), (Table 
III. 3). 
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Besides ceratiolin (75), two other flavonoids (76, 77) were isolated and their 
structures were confirmed by the comparison with the data previously reported.124 2',4'-
Dihydroxychalcone (76) has been found first in Flemingia chappar Ham. (family: 
Leguminosae)127 and angoletin (77) had been previously isolated from the roots of 
Uvaria angolensis.128 Other than those three compounds described above, the flavanone 
6, 8-dimethylpinocembrin (78) had been also isolated as a crystalline material from C. 
ericoides .124 (Fig. III. 2) 
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Fig III. 2. Flavonoids isolated from C. ericoides. 
Photolysis of ceratiolin (75) and its degradation products 
It has been reported that the biologically inactive, dihydrochalcone, ceratiolin 
(75), is leached from fresh leaves and litter of C. ericoides and degrades to 
hydrocinnamic acid (HCA), a selective toxin for native Florida grasses and pines.124 In 
order to further study the mode of degradation of ceratiolin (75), an aqueous solution of 
75 was irradiated using a reflector lamp which mimics sunlight. As shown in Fig. III. 
3a, the decomposition of ceratiolin in aqueous solution is a light-dependent process to 
give HCA and several other photo-rearrangement products, suggesting that, in the 
Florida scrub, the formation of HCA is accomplished by photochemical activation. In 
this step, the detector wavelengths were at 252 and 380 nm and their absorbance were 
recorded every 30 minutes up to 16 hours. The GC-MS analysis of the photolysed 
aqueous solution of ceratiolin indicated the presence of HCA which is the major 
allelopathic agent of Florida false rosemary. Besides HCA, several other photo-
rearrangement products are formed by similar routes as the photoproducts from 
humulone.129'130 Other photolysis products are the photo-rearranged cyclopentenone 
derivatives 80, 81, 82 and their structures were assigned by comparison with spectral 
data of structural analogs in humulone (Fig. III. 4). The analysis of the GC/MS spectral 
data of photolysis products of ceratiolin (75) is listed in Table III. 2. 
In the absence of light, an aqueous solution of ceratiolin (75) and one adjusted to 
soil acidity near pH 4119 are stable over a period of 30 hours when their absorbance at 
330 nm were measured (Fig. III. 3b). This results suggest that, in the Florida scrub the 
soil acidity near pH 4 is not responsible for the degradation of 75. In an aqueous 
solution at pH 10 under otherwise identical conditions, the decomposition of ceratiolin is 
very slow but its decomposition at this pH is of no ecological significance. As shown in 
Fig III. 3b, the absorbance at 330 nm of an aqueous solution of ceratiolin was 
periodically recorded up to 140 hours. 
From the data reported in this study, it is clearly demonstrated that the external 
leaf constituent of Florida false rosemary, the non-toxin ceratiolin is decomposed 
photochemically to HCA which is the major allelopathic agent of C. ericoides ,120 
suggesting that in the scrub formation of the active HCA represents a novel 
photochemical process of allelopathic activation mechanism. 
HI. 3. EXPERIMENTAL (Materials and Methods) 
Plant material. The fresh leaves of C. ericoides were collected on Sep. 15, 1990 
in Pensacola, Florida. 
Extraction and purification. The leaves (450g) were separated from stems and 
soaked in 2L of water, which was then extracted with 1.5 L of dichloromethane (DCM). 
This water extract stored in DCM gave about 150mg of yellow crystalline materials. 
Next, the leaves were extracted with 2L of DCM to give 2g of crude extract which was 
fractionated by column chromatography on silica gel eluting with hexane and mixtures 
of hexane with increasing amount of EtOAc. Fr. 26 which was eluted with hexane; 
EtOAc (3;2) was treated with dry column chromatography using mobile phase as 
hexane-acetone (4:1) giving 50 mg of angoletin (77). Further prep. TLC (hexane-
acetone=3:l) of frs. 24-25 afforded 6mg of 2',4'-dihydroxychalcone (76). 
GC-MS Analysis of the photolysis products. 6mg of ceratiolin was dissolved in 
13ml of water and irradiated in a quartz vessel with General Electric 150W-120V 
reflector lamp for 16 hours. The distance between the light source and the sample was 
set at 10cm. Then the photolysed solution was extracted with dichloromethane (DCM) 3 
times and the solvent was evaporated in vacuo. The residue which was dissolved in 1 
ml of DCM was used for the GC-MS analysis. The chromatograms were obtained with 
a Hewlett-Packard 5792 gas chromatography using DB-5 column which is 30m length x 
0.25 mm i.d. x 0.25 (im film thickness. The GC was run by temperature programming 
which was set from and initial temperature of 40° C for 3 min. to 280° C 
at 2° C / min.. 
Photolysis of ceratiolin (751. The photolysis of an aqueous solution of ceratiolin 
(2mg) in 4 ml of water was carried out in a quartz cell using General Electric 150W-
120V reflector as described above and determined spectrophotometrically at certain 
intervals. The UV absorbance of aqueous solution of ceratiolin were measured 
periodically up to 16 hours using AVIV Spectrophotomenter 14DS UV-VIS-IR. The 
UV absorbance of dark control of aqueous solution of ceratiolin and one adjusted to pH 
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Fig. III. 3a. Spectrophotometric analysis of a photolysed solution (A and B) 
and dark controls (C) of ceratiolin (75) (A, B and C were detected 
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Fig. III. 3b. Dark reaction of an aqueous solution of ceratiolin (75) at pH4 (A) 
and pHIO (B) (Both A and B were detected at 330nm). 
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Fig. III. 4. Photolysis products of ceratiolin (75) in water. 
Fig. III. 5. The molecular structure of ceratiolin (75). 
Table III. 2. GC/MS spectral data of major photolysis products of ceratiolin (75). 
Compound GC 
Rt fmin.^ 










164 (39) [M]+; 133 (10) [M-OMe]+; 105 (33) 
[M-C02Me]+; 104 (100) [M-HCC>2Me]+;91 
(59) [C7H7]+; 77 (13) [C6H5]+ 
150 (49) [M]+; 105 (15)[M-COOH]+' 104 (48) 
[M-HCOOH]+; 91 (100) [C7H7]+; 77 (13) 
[C6H5]+ 
242 (20) [M]+; 200 (2) [M-C2H20]+; 138 (100) 
[M-Ph-CH=CH2]+; 110 (7) [138-COJ+; 91 (23); 
77(4) 
258 (50) [M]+; 240 (1) [M-H20]+;153 (100) 
[M-Ph-CH2CH2]+; 138 (25) [153-Me]+; 126 
(37) [M-C6H5-CH2-CHCO]+; 105 (11) 
[Ph-CH2-CH2]+; 104 (13) [Ph-CH=CH2]+; 
91(56) [C7H7]+; 77 (15). 
302 (4) [M]+; 284 (2) [M-H20]+; 260 (64) 
[M-CH2=C=0]+; 242 (4) [260-H20]+; 213 (7); 
169 (14) [M-Ph-CH2-CH2-CO]+; 138 (16) 
[242-Ph-CH=CH2]+; 128 (15) 
[260-Ph-CH2-CH=C=0]+; 105 (25); 91(100); 
77 (9); 43 (29) [MeCO]+. 
302 (4) [M]+; 260 (50) [M-CH2=C=0]+; 
242 (27) [M-CH2=C=0 - H20]+; 200 (10) 
[242-CH2=C=0]+; 169 (12); 138 (64) 
[242-Ph-CH=CH2]+; 128 (12) [260-Ph-CH2-
CH=C=0]+; 110(11) [138-CO]+; 105 (31); 
91 (100); 77 (12); 69 (20); 43 (34) [MeCO]+. 
Table III. 3. Fractional atomic coordinates and equivalent isotropic 
thermal parameters (A2) of ceratiolin (75). 
X y z Beq 
Ol -0.0777(1) 0.5553(1) 0.61632(8) 3.70(2) 
02 0.2906(1) 0.4837(1) 0.52812(7) 3.32(2) 
03 0.5698(1) 0.3462(1) 0.66077(8) 3.86(2) 
04 0.1079(1) 0.3021(1) 0.96915(8) 3.91(2) 
05 -0.2327(1) 0.4351(1) 0.96403(9) 4.36(3) 
CI 0.0339(2) 0.5101(2) 0.6841(1) 2.71(2) 
C2 0.2383(2) 0.5125(2) 0.6380(1) 2.71(2) 
C3 0.3857(2) 0.3863(2) 0.7076(1) 2.76(3) 
C4 0.3423(2) 0.3198(2) 0.8155(1) 2.90(3) 
C5 0.1441(2) 0.3621(2) 0.8641(1) 2.89(3) 
C6 -0.0117(2) 0.4619(2) 0.8030(1) 2.79(3) 
C7 -0.2031(2) 0.4963(2) 0.8607(1) 3.20(3) 
C8 -0.3767(2) 0.6118(2) 0.8092(1) 3.43(3) 
C9 -0.3908(2) 0.7917(2) 0.7919(1) 3.82(3) 
CIO -0.5832(2) 0.9085(2) 0.7611(1) 3.61(3) 
Cll -0.7481(2) 0.9204(2) 0.8391(1) 4.52(4) 
C12 -0.9265(3) 1.0199(3) 0.8109(2) 5.68(5) 
C13 -0.9443(3) 1.1100(2) 0.7043(2) 6.03(5) 
C14 -0.7836(3) 1.1025(2) 0.6272(2) 5.77(5) 
C15 -0.6026(2) 1.0022(2) 0.6552(1) 4.57(4) 
C16 0.2360(2) 0.6860(2) 0.6340(1) 4.01(3) 
C17 0.4953(2) 0.2057(2) 0.8849(1) 4.11(4) 
H20 0.191(2) 0.485(2) 0.506(2) 6.0(5) 
H30 0.582(3) 0.407(3) 0.588(2) 9.5(7) 
H40 -0.053(3) 0.354(2) 0.984(2) 7.6(6) 
BEQ = (87T2/3)IJLJUJJAJ*AJ*ARAJ 
CHAPTER IV 
SCREENING OF NATURAL PRODUCTS FOR 
ANTI-INFLAMMATORY ACTIVITY 
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IV. 1. INTRODUCTION 
As discussed in Chapter I, natural products possess various biological activities 
ranging from plant-growth inhibition to anti-cancer activity. Parthenolide (83) is a 
germacranolide-type sesquiterpene lactone found as a major constituent, besides other 
sesquiterpene lactones, in European feverfew (Tanacetum parthenium).131>132 This 
weedy daisy was used for centuries in Europe as a medicinal herb against arthritis, 
headaches and as a prophylactic anti-migraine. Recently, its anti-inflammatory activity 
was demonstrated.133 Besides parthenolide (83), several other guaianolide and 
germacranolide-type sesquiterpene lactones have been identified as constituents of 
feverfew.134' 135,136 Since a number of sesquiterpene lactones were available in our 
laboratory from previous studies of this large group of natural products , we decided to 
investigate the effects of different skeletal types of sesquiterpene lactones as well as 
several other natural products for its anti-inflammatory properties (Fig. IV. 1), (Table. 
IV. 1). 
The prostaglandins (PG) are major group of metabolic products of arachidonic 
acid (AA) with potent hormonal activities in higher animals. Arachidonic acid, when 
released from cell membranes, is metabolized via either the cyclooxygenase or the 
lipoxygenase pathway producing a multitude of biochemically important compounds. 
These products include prostaglandins, prostacyclins, thromboxanes, leukotrienes and 
others. These major groups of lipids are collectively called eicosanoides (Fig. IV. 2).137 
Eicosanoides have attracted considerable attention from many scientific disciplines 
because of their potent and diverse pharmaceutical properties. One of the many 
eicosanoides, PGE2, formed by cyclooxygenase (COX)-mediated cyclization of 
arachidonic acid,138,139 is a potent inflammatory mediator.140 PGE2 is used as a drug 
for inducing labor and abortion and is being clinically tested for the prevention of stress 
ulcers.141 It has recently been reported that the cyclooxygenases enzyme complex exists 
of two enzymes rather than a single enzyme, which were named COX I and COX II.142 
The newly discovered mitogen inducible cyclooxygenase, COX II enzyme, has become 
a new target for the development of anti-inflammatory drugs since COX II appears to be 
responsible for inflammation.143 
Lipopolysaccharide (LPS) endotoxin is known to induce increased activity of the 
cyclooxygenase enzyme which suggests that LPS stimulates prostanoid production by 
inducing the synthesis of COX. It has been reported that cyclooxygenase activity is 
enhanced by the bacterial lipopolysaccharide in rat alveolar macrophages.144 
Our goal in this study is to learn about the influence of PGE2 production by LPS 
stimulation in the presence of various natural products listed in Figure IV. 1. The anti­
inflammatory activities at various concentrations (/^g/ml-ng/ml) of thirteen sesquiterpene 
lactones and five other natural products from higher plant will be evaluated in a RAW 
264.7 cell line, using radioimmunoassay (RIA).145>146 Below, the effect upon of PGE2 
production by the influence of eighteen natural products will be discussed. 
IV. 2. RESULTS AND DISCUSSIONS 
Before testing the natural products against the RAW 264.7 cell line, the cell lines 
were standardized to determine their stimulation by LPS. Time course studies were 
carried out to determine the time point at which maximum PGE2 accumulation (ACM) 
and cyclooxygenase activity (ACT) occurred in RAW 264.7 cell line. In case of the cell 
stimulation by LPS, cyclooxygenase activity is enhanced resulting in an increase in 
PGE2 production. Therefore, measurements of PGE2 production were carried out to 
establish the time-course stimulation by LPS. As shown in Fig. IV. 3a and 3b, the PGE2 
production increased significantly after 8 h of incubation. The optimum LPS 
concentration to be used was determined by LPS dose response resulting in l^g/ml as 
the optimal concentration (Fig. IV. 4). In order to measure PGE2 production induced 
from COX II enzyme stimulated by LPS, the endogenous enzyme, COX I was 
inactivated by aspirin.144 Optimal ASP dose response was determined to be 100-200/^M 
(Fig. IV. 5) After conditions were optimized, eighteen natural products (Fig. III. 6a, 6b, 
7a, 7b) were tested. 
Based on the standardization described above, eighteen natural products were 
test for anti-inflammatory in which both PGE2 accumulation (ACM) and 
cyclooxygenase activity (ACT) were measured. Most of the sesquiterpene lactones 
containing an a-methylene-y-lactone moiety possessed potent anti-inflammatory activity 
in RAW 264.7 cell line at relatively low dose levels of < 100 /<g/ml, which was the 
highest concentration tested (Fig. III. 6a, 6b). Administration of parthenolide (83) and 
encelin (92) resulted in the highest inhibitory activity among the 13 sesquiterpene 
lactones. Saturation of the 11,13-double bond in parthenolide (83), as in 84 as well as 
its 1,10-epoxidation product (85) resulted in a dramatic loss of activity. Comparison of 
the activities of 83 with 84 and 85 clearly shows that the a-methylene-y-lactone moiety 
plays a significant role in the anti-inflammatory activity of this sesquiterpene lactone. 
This is in agreement with data reported for other sesquiterpene lactones.59 In contrast to 
parthenolide (83), costunolide (86), which lacks the epoxide ring at the 4, 5-position, 
showed a loss of activity, suggesting that 4, 5-epoxide moiety seems to play an 
important role in the parthenolide activity. Compounds 87, 88, 90 and 91 showed 
inhibition at concentrations of 10-100 /<g/ml, and lactones 83,89, 92,93,94 and 95 very 
strongly inhibited PGE2 production even at a concentration of l^g/ml. Therefore, these 
compounds were further tested at lower concentrations, namely 500ng/ml, 250ng/ml and 
lOOng/ml (Fig. IV. 8a, 8b). Again, parthenolide (83) and encelin (92) were the most 
anti-inflammatory sesquiterpene lactones tested with IC5o= 0.2^g/ml and 0.2/^g/ml 
(ACM), 0. l^g/ml (ACT), respectively. 
In Table IV. 2, the IC50 values are listed for 8h of exposure of RAW264.7 to 
thirteen sesquiterpene lactones and five other natural products. Since compounds 84,85, 
88 and 98 did not show any inhibition even at a concentration of 100^g/ml, their IC50 
values were not determined. With a wide range of IC50 values from 84/<g/ml to 
lOOng/ml, compounds 83,89,92, 93,94 and 95 showed IC50 lower than l^g/ml. 
Comparing with controls, other types of natural products (96-100) (Fig. IV. 7a, 
7b) did not show as high an inhibitory effect as sesquiterpene lactones . However, 
matricaria ester (99), ceratiolin (100) showed strong inhibition activity at concentrations 
of 10/<g/ml and 100/<g/ml. 
It has been suggested that the high activity of sesquiterpene lactones is derived 
mainly from a-methylene-y-lactone moiety interacting with a biological nucleophile 
such as sulfhydryl groups (R-SH) via conjugate addition reactions.147, 148 The 
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nucleophilic attack by the R-SH nucleophile positioned at an active site of the COX 
enzyme to an sesquiterpene methylene y-lactones group would be irreversible and 
inactivate the enzyme (Scheme. IV. 1). 
Among the compounds tested, parthenolide (83) and encelin (92) appeared to 
have the strongest anti-inflammatory activity. The high activity of 92 is possibly due to 
the additional cyclohexadienone group which provides two further alkylation sites at C-
1 and C-15 in 92. Therefore, compound 92 may have two or three active sites for 
possible conjugate addition. In a detailed cyclization of parthenolide (83), in which 
compound 83 was transformed into other skeletal types of sesquiterpene lactones via 
intramolecular cyclization,149 it was suggested that the initial cationic intermediate of 83 
would have a cationic center at C-10 (Scheme. IV. 2). This carbocationic center could 
be the second active site for the inactivation of the COX enzyme by the selective 
alkylation of nucleophilic R-SH group present in the COX enzyme. This is also 
supported by the activity data of costunolide (86). Due to the absence of the 4, 5-
Scheme. IV. 1. Conjugate addition of -SH containing nucleophiles to 
the a-methylene-Y-lactone moiety. 
epoxide, compound 86 does not undergo to the transannular cyclization to give the 





Scheme. IV. 2. Formation of acationic intermediate from parthenolide (83) 
(Cited from ref. 149). 
Compounds 93, 94 and 95, which bear epoxide moieties as well as a, 0-
unsaturated methyl esters in their structure showed very strong activity suggesting that 
epoxide moiety could be another site for inactivation of COX enzyme. As shown in 
Scheme. IV. 3., the activity of the epoxide moiety might be derived from nucleophilic 
attack of R-SH of COX enzyme in addition to the conjugate addition reactions of a-
methylene-y-lactone and conjugated ester moieties. 
H 
Scheme. IV. 3. Sulfhydryl alkylations by epoxide-bearing natural products. 
In conclusion, the cultured RAW264.7 cell line is a very convenient and useful 
system for the study of the effects of potential anti-inflammatory compounds. In this 
study, parthenolide (83) and encelin (92) showed the most potent anti-inflammatory 
activity . Because of their strong activity, parthenolide (83) and encelin (92) warrant 
further testing in vivo for their possible therapeutic benefits. 
IV. 3. EXPERIMENTAL (Materials and Methods) 
Test compounds. Thirteen sesquiterpene lactones and other four types of natural 
products were chosen. All of them except 85, which was modified chemically from 
dihydroparthenolide (84)150 and 88, which was purchased from Aldrich., were isolated 
from plant species listed on Table IV. 1. 
Cell preparation and treatment. High glucose DMEM (Dulbecco's modified 
Eagle's medium) containing 10% heat-inactivated FBS (fatal bovine serum) and 1% 
antibiotics (AB) was used for media in every step where media is needed unless 
otherwise stated. The cells were incubated at 37°C in a humidified incubator with 5% 
CC>2when required. 
LPS (Lipopolvsaccharide) dose response. RAW264.7 cells were cultured for 2-3 
days in culture flask in 18ml of high glucose DMEM medium/flask. Confluent 
RAW264.7 cultures were scraped and counted resulting 20-40xl06 cells/ flask 
depending on the incubation time. 0.5xl06 cell/well were distributed into cell culture 
plates and incubated for 18 h to allow the cell number to double. These incubated cells 
were treated with 500/yM of aspirin for 3 hrs to remove endogenous enzyme COX 1144, 
151 and then the cells were washed 3 times with lml/well of DMEM (1% AB, no FBS) 
media. Then different concentrations of LPS (lng/ml, lOng/ml, lOOng/ml, l^g/ml and 
10/<g/ml) were applied to the prepared cells. After 8 hrs of incubation, the media were 
removed for measurement of PGE2 accumulation, then the cells were immediately 
treated with 1ml of DMEM containing 1% of arachidonic acid (lmg/ml) for 10 minutes 
to determine cyclooxygenase activity. 
ASP (Aspirin1) dose response. Aspirin dose response was measured via the same 
procedure as the above LPS experiment. Different concentration of aspirin (lOO^M, 
200/^m and 500/^M) were applied in order to obtain the optimum concentration of 
aspirin in the experiment. The cells were stimulated with l^g/ml of LPS. 
Testing of natural products. Cultured RAW 264.7 cells were seeded in cell 
culture plate with 0.5xl06 cells/well followed by 18 hours of incubation. These 
incubated cells were treated with 200fiM of aspirin, which was determined from the 
above experiment to be optimal, for 3hrs and washed three times with lml/well of 
DMEM(1% AB, no FBS). l^g/ml of LPS (to stimulated cells for COX II) with various 
concentrations (100/Yg/ml to lOOng/m) of natural products (83-100) were applied to 
above prepared cells. After 8 h of incubation, the media were transferred for 
measurement of both PGE2 accumulation level and cyclooxygenase activity. 
Cyclooxygenase activity was assessed by treating RAW cell with 1ml of DMEM 
containing 1% of arachidonic acid (lmg/ml) for 10 minutes. 
PGE? analysis. The amount of PGE2 was measured by radioimmunoassay 
(RIA)145 using a Beckman LS 5000 TA Liquid Scintillation System. 
% of control=(pg PGE2 in lxlO6 cells treated with natural products/ pg PGE2 in 
lxlO6 cells treated with media only)xlOO. 
IC50 value (the drug concentration causing 50% inhibition of PGE2 production) 
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Fig. IV. 1. Compounds which were tested for anti-inflammatory activity (fig. con'd). 
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Fig. IV. 3a. The time correlation of PGE2 production with and without LPS (ACM). 
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Fig. IV. 3b. The time correlation of PGE2 production with and without LPS (ACT). 
Error bars are only shown where larger than symbols. 
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Fig. IV. 4. The production of PGE2 with various concentration of LPS. 
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Fig. IV. 5. The production of PGE2 with various concentrations of aspirin. 
(ACT: cyclooxygenase activity) 
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Fig. IV. 8a. PGE2 production with treatment of selected sesquiterpene lactones 
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Fig. IV. 8b. PGE2 production with treatment of selected sesquiterpene lactones 
at lower concentrations (ACT). 
Table. IV. 1. Compounds which were tested for anti-inflammatory activity. 











-1,10-epoxide 85 150 
Costunolide 86 










Santonin 88 Artemisia spp. etc. 159, 160 
Confertiflorin 89 Ambrosia confertiflora 161, 162 
Tenulin 90 
Helenium tenuifolium, 
Helenium elegans etc. 163 
Burrodin 91 Ambrosia dumosa 164 
Encelin 92 Encelia farinosa etc. 165 
Enhydrin 93 
Polymnia Uvedalia, 
Enhydra fluctuans etc. 79,78 
Melampodin A 94 
Melampodium 
leucanthum etc. 166,167 
Leucanthin B 95 
Melampodium 
leucanthum etc 166 
(-) kaur-16-en-19-
oic acid 96 
Solidago nemoralis, 
genus Helianthus etc. 84, 85 
Garberic acid 97 Garberia heterophylla 168 
3-hydroxy-4-pyrone 98 
Erigeron breviscapus, 
Erigeron annuus etc. 111,169 
Matricaria ester 99 
Erigeron 
philadelphicus, 
Solidago virgaurea etc. 
108, 13 
Ceratiolin 100 Ceratiola ericoides 124,170 
164 
Table. IV. 2. Anti-inflammatory activity of the tested compounds. Given are 
their IC50 values (|ig/ml). IC50S of compounds 84, 85, 88 and 98 were not determined 
because they did not show activity even at a concentration of 100(ig/ml. 
Compound# IC50 (us/ml, ACM) ICso (Ug/ml, ACT) 
83 0.2 0.2 
86 4.8 1.6 
87 1.8 1.3 
89 0.9 0.9 
90 11 5.5 
91 1.7 1.0 
92 0.2 0.1 
93 0.4 0.3 
94 0.5 0.5 
95 0.3 0.2 
96 27 30 
97 59 84 
99 2.1 3.4 
100 2.8 89 
REFERENCES 
(1) Tyler, V. E. Pharmacognosy, Lea & Febiger: Philadelphia, 1988. 
(2) P.Steiner, R. Folk Medicine, The Art and the Science-, American Chemical 
Society: Washington. DC, 1986. 
(3) Liu, N. M.; Ni, M. Y.; Fan, Y. F.; Yu, Y. Y.; Wu, Z. H.; Zhou, W. S. Acta 
Chim. Sinica 1979,37, 129. 
(4) Moerman, D. E. Medicinal Plants of Native America; University of Michigan 
Museum of Anthropology Technical Reports.: 1986. 
(5) Beretz, A.; Cazenave, J.-P. Planta Med. 1991,57, s68. 
(6) Huang, M.-T.; Ferraro, T.; Ho, C.-T. in Food Phytochemicals for Cancer 
Prevention', Huang, M.-T.; Osawa, T.; Ho, C.-T. Rosen, R. T. (eds); American 
Chemical Society: Washington DC, 1994; pp 2. 
(7) Farnsworth, N. R.; Kass, C. J. J. Ethnopharmacol. 1981,3, 85. 
(8) Hamburger, M.; Hostettmann, K. Phytochemistry 1991, 30, 3864. 
(9) Suffness, M.; Pezzuto, J. M. Assays for Bioactivity', Hostettmann, K. (eds); 
Academic Press: London, 1991; pp 71. 
(10) Berge, A. D. V.; Vlietinck, A. J. Assays for Bioactivity, Hostettmann, K. (eds); 
Academic Press: London, 1991; pp 47. 
(11) Cordell, G. A. in New Natural Products and Plant Drugs with 
Pharmacological, Biological or Therapeutical Activity; Wagner, H.; Wolff, P. 
(eds); Springer Verlag: Berlin, 1976. 
(12) Farnsworth, N. R.; Bingel, A. S. in New Natural Products and Plant Drugs 
with Pharmacological, Biological or Therapeutical Activity; Wagner, H.; 
Wolff, P. (eds); Springer Verlag: Berlin, 1976; pp 1. 
(13) Bohlmann, F.; Burkhardt, T.; Zdero, C. Naturally Occurring Acetylenes; 
Academic Press: London, 1973. 
(14) Greger, H. mThe Biology and Chemistry of the Compositae; Heywood, V. H.; 
Harborne, J. B. Turner, B. L.(eds); Academic Press: London, 1977; pp 899. 
(15) Herz, W. in The Biology and Chemistry of the Compositae; Heywood, V. H.; 
Harborne, J. B. Turner, B. L.(eds); Academic Press: London, 1977; pp 567. 
165 
166 
(16) Christensen, L. P.; Lam, J. Phytochemistry 1991,30, 2453. 
(17) Christensen, L. P.; Lam, J. Phytochemistry 1991,30, 11. 
(18) Christensen, L. P. Phytochemistry 1992, 31, 7. 
(19) Akana, A. Hawaiian Herbs of Medicinal Value; Pacific Book House: 
Honolulu, 1922. 
(20) Redl, K.; Breu, W.; Davis, B.; Bauer, R. Planta Med. 1994, 60, 58. 
(21) Wang, Y.; Toyota, M.; Krause, F.; Hamburger, M.; Hostettmann, K. 
Phytochemistry 1990,29, 3101. 
(22) Fujimoto, Y.; Wang, H.; Satoh, M.; Tadeuchi, N. Phytochemistry 1992,31, 
3499. 
(23) Fujimoto, Y.; Wang, H.; Satoh, M.; Tadeuchi, N. Phytochemistry 1994, 35, 
1255. 
(24) Christensen, L. P.; Lam, J. Phytochemistry 1990,29, 2753. 
(25) Menelaou, M. A.; Foroozesh, M.; Williamson, G. B.; Fronczek, F. R.; Fischer, 
H. D.; Fischer, N. H. Phytochemistry 1992,31, 3769. 
(26) Becker, D.; Sahali, Y.; Raviv, M. Phytochemistry 1990,29, 2065. 
(27) Seaman, F.; Bohlmann, F.; Zdero, C.; Mabry, T. J. Diterpenes of Flowering 
Plants; Springer Verlag: New York, 1990. 
(28) Herbert, R. B. The Biosynthesis of Secondary Metabolites-, Chapman and 
Hall: London, 1989. 
(29) Feliciano, A. S.; Gordaliza, M.; Salinero, M. A.; Miguel del Corral, J. M. 
Planta Med. 1993,59, 485. 
(30) Moujir, L.; Gutierrez-Navarro, A. M.; Andres, L. S.; Luis, J. G. 
Phytochemistry 1993, 34, 1493. 
(31) Chinou, I.; Demetzos, C.; Harvala, C.; Roussakis, C.; Verbist, J. F. Planta 
Med. 1994,60, 34. 
(32) Le Quesne, P. W.; Cooper-deriver, G. A.; Villani, M.; Do, M. N. in New 
Trends in Natural Products Chemistry 1986; Rahman, A. U.; Le Quesne, P. W. 
(eds); Elsevier: 1986. 
167 
(33) Darias, V.; Bravo, L.; Rabanal, R.; Sanchez-Mateo, C. C.; Martin-Herrera, D. 
A. Planta Med. 1990,56, 70. 
(34) Camps, F.; Coll, J. Phytochemstry 1993, 32, 1361. 
(35) Zhao, G.; Jung, J. H.; Smith, D. L.; Wood, K. V.; McLaughlin, J. L. Planta 
Med. 1991,57, 380. 
(36) Yoshioka, H.; Mabry, T. J.; Timmermann, B. N. Sesquiterpene Lactones; 
Chemistry, NMR and Plant Distribution; University of Tokyo Press: Tokyo, 
1973. 
(37) Fischer, N. H.; Olivier, E. J.; Fischer, H. D. in Progress in the Chemistry 
Organic Natural Products; Herz, W.; Grisebach, H.; Kirby, G. W. (eds); 
Springer: Vienna, 1979; pp 47. 
(38) Seaman, F. C. Bot. Rev. 1982,48, 121. 
(39) Fischer, N. H. in Biochemistry of the Mevalonic Acid Pathway to Terpenoids; 
Towers, G. H. N.; Stafford, H. A. (eds); Plenum Press: New York, 1990; pp 
161. 
(40) Rodriguez, E.; Towers, G. H. N.; Mitchell, J. C. Phytochemistry 1976,15, 
1573. 
(41) Pieman, A. K. Biochem. System. Ecol. 1986,14, 255. 
(42) Kupchan, S. M.; Eadin, M. A.; Thomas, A. M. J. Med. Chem. 1971,14, 1147. 
(43) Cassady, J. M.; Suffness, M. in Anticancer Agents Based on Natural Products 
Models', Cassady, J. M.; Douros, J. D. (eds); Academic Press: London, 1980; 
pp 201. 
(44) Misra, R.; Pandey, R. C. in Antitumor Compounds of Natural Origin. 
Chemistry and Biochemistry, Aszalos, A.(eds); CRC Press: Boca Raton, 1981; 
pp 145. 
(45) Lucas, R. A.; Rovinski, S.; Kiesel, R. J.; Dorfman, L.; McPhillamy, H. B. J. 
Org. Chen 1964,29, 1549. 
(46) Lee, K.; Juang, E.; Piantadosi, C.; Pagano, J. S.; Geissman, T. A. Cancer Res. 
1971, 31, 1649. 
(47) Goren, N.; Bozok-Johansson, C.; Jakupovic, J.; Lin, L.; Shieh, H.; Cordell, G. 
A.; Celik, N. Phytochemistry 1992, 31, 101. 
(48) Goren, N.; Jakupovic, J.; Topal, S. Phytochemistry 1990,29, 1467. 
168 
(49) Goren, N.; Ulubelen, A.; Bozok-Johansson, C.; Tahtasakal, E. Phytochemistry 
1993,33, 1157. 
(50) Gross, D. Phytochemistry 1975,14, 2105. 
(51) Fischer, N. H. in Chemical Ecology and Biochemistry of Plant Terpenoids; 
Harborne, J. B.; Tomas-Barberan, F. A. (eds); Oxford University Press: 
Oxford, 1990; pp 337. 
(52) Fischer, N. H. in Ecological Chemistry and Biochemistry of Plant Terpenoids; 
Harborne, J. B.; Tomas-Barberan, F. A.(eds); Clarendon Press: Oxford, 1991; 
pp 377. 
(53) Singh, I. P.; Talwar, K. K.; Arora, J. K.; Chhabra, B. R.; Kalsi, P. S. 
Phytochemistry 1992,31, 2529. 
(54) Fischer, N. H.; Weidenhamer, J. D.; Riopel, J. L.; Quijano, L.; Menelaou, M. 
A. Phytochemistry 1990,29, 2479. 
(55) Fischer, N. H.; Weidenhamer, J. D.; Bradow, J. M. Phytochemistry 1989, 28, 
2315. 
(56) Srivastava, R. P.; Proksch, P.; Wray, V. Phytochemistry 1990,29, 3445. 
(57) Ysrael, M. C.; Croft, K. D. Planta Med. 1990,56, 268. 
(58) Hall, L. H.; C. O. Stames, J.; Lee, K. H.; Waddell, T. G. J. Pharm. Sci. 1980, 
69, 537. 
(59) Hall, L. H.; Lee, K. H.; Starnes, C. O.; Sumida, Y.; Wu, R. Y.; Waddell, T. G.; 
Cochran, J. W.; Gerhart, K. G. J. of Pharm. Sciences 1979, 68, 537. 
(60) Mitchell, J. C.; Fritig, B.; Singh, B.; Towers, G. H. N. J. Invest. Derm. 1970, 
54, 233. 
(61) Ivie, G. W.; Witzel, D. A.; Herz, W.; R.Kannan; Norman, J. O.; Rushing, D. 
D.; Johnson, J. H.; Rowe, L. D.; Veech, J. A. J. Agric. Food Chem. 1975, 23, 
841. 
(62) Fischer, N. H.; Williamson, G. B.; Weidenhamer, J. D.; Richardson, D. R. J. 
Chem. Ecol. 1994,20, 1355. 
(63) Merges, E. S.; Salzman, V. T. Archbold Biological Station Plant List', Lake 
Placid: FL, 1992. 
(64) Ito, K.; Sakakibara, Y.; Haruna, M. Phytochemistry 1982,21, 715. 
169 
(65) Cordell, G. A.; Chang, P. T. O.; Fong, H. H. S.; Farnsworth, N. R. Lloydia 
1977,40, 340. 
(66) Fischer, N. H.; Vargas, D.; Menelaou, M. in Modern Phytochemical Methods; 
Fischer, N. H.; Isman, M. B.; Stafford, H. A. (eds); Plenum Press: New York, 
1991; pp 271. 
(67) Bax, A. J. Magn. Res. 1984, 314. 
(68) Coll, J. C.; Bowden, B. F. J. Nat. Prod. 1986,49, 934. 
(69) Fieser, F. L.; Fieser, M. Reagents for Organic Synthesis.-, John Wiley & Sons 
Inc.: New York, 1967; pp 192. 
(70) Well, H. W. Brittonia 1965,17, 144. 
(71) Seaman, F. C.; Fischer, N. H.; Stuessy, T. F. Biochemical Systematics and 
Ecology 1980, 8, 263-271. 
(72) Joshi, B. S.; Kamat, V. N.; Fuhrer, H. Tetrahedron Lett. 1971, 2373. 
(73) Bohlmann, F.; Knoll, K. H.; Robinson, H.; King, R. M. Photochemistry 1980, 
19, 107. 
(74) Desai, H. K.; Gawad, D. H.; Govindachari, T. R.; Joshi, B. S.; Kamat, V. N.; 
Modi, J. D.; Parthasarathy, P. C.; Patankar, S. J.; Sidhaye, A. R.; Viswanathan, 
N. Indian J. Chem. 1971, P, 611. 
(75) Padrashi, S. C.; Dastidar, P. P. G.; Gupta, S. K. Phytochemisty 1970, 9, 459. 
(76) Yamasaki, K.; Kohda, H.; Kobayashi, T.; Kasai, R.; Tanaka, O. Tetrahedron 
Lett. 1976, 1005. 
(77) Bohlmann, F.; Van, N. L. Phytochemistry 1977,16, 579. 
(78) Tak, H.; Fronczek, F. R.; Vargas, D.; Fischer, N. H. Spectroscopy Lett. 1994, 
27, 1481. 
(79) Joshi, B. S.; Kamat, V. N. Ind. J. Chem. 1972,10, 771. 
(80) Kartha, G.; Go, K. T. J. C. S. Chem. Comm. 1972, 1327. 
(81) Fronczek, F. R.; Vargas, D.; Fischer, N. H. Acta Cryst. 1986, C42, 1061. 
(82) Bohlmann, F.; Zdero, C.; King, R. M.; Robinson, H. Phytochemistry 1985,24, 
1108. 
(83) Bax, A.; Summers, M. F. J. Am. Chem. Soc. 1986,108, 2093. 
(84) Bohlmann, F.; Fritz, U.; King, R. M.; Robinson, H. Phytochemistry 1980,19, 
1655. 
(85) Ohno, N.; Mabry, T. J. Phytochemistry 1980,19, 609. 
(86) Anthonsen, T.; Bergland, G. Acta. Chem. Scand. 1971, 25, 1924. 
(87) LeQuesne, P. W.; Honkan, V.; Onan, K. D.; Morrow, P. A.; Tonkyn, D. 
Phytochemistry 1985,24, 1785. 
(88) Bohlmann, F.; Zdero, C. Chem. Ber. 1976,109, 1670. 
(89) Fair, C. K. An Interactive System for Crystal Structure Analysis; Enraf-Nonius: 
1990. 
(90) Bohlmann, F.; Lonitz, M. Chem. Ber. 1978, 111, 254. 
(91) Bohlmann, F.; Lonitz, M. Phytochemistry 1978,17, 453. 
(92) Bohlmann, F.; Zdero, C. Phytochemistry 1976,15, 1310. 
(93) Guererro, C.; Martinez, M.; Diaz, E.; Romo deVivar, A. Rev. Latinoam. Quim. 
1975, 6, 53. 
(94) Ortega, A.; Martinez, M. Rev. Latinoam. Quim. 1977, 8, 166. 
(95) Lu, T.; Vargas, D.; Fischer, N. H. Phytochemistry 1993, 34, 737. 
(96) Bohlmann, F.; Grenz, M.; Gupta, R. K.; Dhar, A. K.; Ahmed, M.; King, R. M.; 
Robinson, H. Phytochemistry 1980,19, 2391. 
(97) Box, V. G. S.; Chen, W. R. Phytochemsitiy 1975,14, 583. 
(98) Gunawardana, Y. A. G. P.; Cordell, G. A. J. Nat. Prod. 1988, 51, 142. 
(99) Crawford, D. J.; Edwin, E. B. Biochem. Syst. Ecol. 1985,13, 115. 
(100) Bohlmann, F.; Banerjee, S.; Jakupovic, J.; King, R. M.; Robinson, H. 
Phytochemistry 1985, 24, 1295. 
(101) Bohlmann, F.; Ahmed, M.; Grenz, M.; King, R. M.; Robinson, H. 
Phytochemistry 1983,22, 2858. 
(102) Marchant, Y. Y. Bioact. Mol. 1988, 7, 217. 
(103) Bohlmann, F.; Zdero, C. Chem. Ber. 1968,101, 3243. 
(104) Bohlmann, F.; Zdero, C. Chem. Ber. 1977,110, 468. 
(105) Herz, K. H.; Reichling, J. Phytochemistry 1993,33, 349. 
(106) Ogawa Bull. Chem. Soc. Jpn. 1927,2, 25. 
(107) Abdel-Mogib, M.; Dawidar, A. M.; Metwally, M. A.; Abdel-Elzahab, M. 
Phytochemistry 1990,29, 2728. 
(108) Jakupovic, J.; Chau-Thi, T. N.; Fischer, N. H. Phytochemistry 1986, 25, 1223. 
(109) Ost, H. J. Prakt. Chem. 1879,19, 111. 
(110) Kotani, T.; Ichimoto, I.; Tatsumi, C. Hakko Kogaku Zasshi 1973, 51, 66. 
(111) Hu, C. Q.; Cheng, Z. H.; Guan, L. Yaoxue Zuebao 1988,23, 786. 
(112) Smitherman, H. C.; Ferguson, L. Tetrahedron 1968,24, 923. 
(113) Kingsbury, C. A.; Cliffton, M.; Looker, J. H. J. Org. Chem. 1976,41, 2777. 
(114) Allen, F. H.; Kennard, O.; Watson, D. G.; Brammer, L.; Orpen, A. G.; Taylor, 
R. J. Chem. Soc. Perkin Trans II1987, S1. 
(115) Lokaj, J.; Kozisek, J.; Koren, B.; Uher, M.; Vrabel, V. Acta Cryst. 1991, C47, 
193. 
(116) Nagarajan, G. R.; Parmar, V. S. Indian J. Chem. 1977,15, 955. 
(117) Harborne, J. B. Introduction to Ecological Biochemistry; Academic Press: 
London, 1988; pp 277. 
(118) Massey, A. B. Phytopathology 1925,15, 773. 
(119) Kalisz, P. J.; Stone, E. L. Ecology 1984,65, 1743. 
(120) Fischer, N. H.; Tanrisever, N.; Williamson, G. B. in Biologically Active 
Natural Products: Potential Use in Agriculture; Cutler, H. G. (eds); ACS Books 
No 380: Washington, D.C., 1988; pp233. 
(121) Williamson, G. B.; Richardson, D. R.; Fischer, N. H. in Allelopathy; Basic and 
Applied Aspects; Rizvi, S. J. H.; Rizvi, V.(eds); Chapman and Hall: London, 
1992; pp 58. 
(122) Williamson, G. B.; Richardson, D. R. J. Chem. Ecol. 1988,14, 181. 
(123) Richardson, D. R. Dissertation of ph. D. Universtity of South Florida, Tampa 
1985, 120. 
(124) Tanrisever, N.; Fronczek, F. R.; Fischer, N. H.; Williamson, G. B. 
Phytochemistry 1987,26, 175. 
(125) Jordan, E. D.; Hsieh, T. C. Y.; Fischer, N. H. Phytochemistry 1992, 31, 1203. 
(126) Obara, H.; Onodera, J.; Yusa, K.; Tsuchiya, M.; Matsuba, S. Bull. Chem. Soc. 
Jpn. 1989,62, 3371. 
(127) Adityachaudhury, N.; Kirtaniya, C. L.; Mukherjee, B. J. Indian Chem. Soc. 
1969,46, 964. 
(128) Hufford, C. D.; Oguntimein, B. O. Phytochemistry 1980,19, 2036. 
(129) Bondeel, G. M. A.; Keuleleire, D. d.; Verzele, M. J. Chem Soc. Perkin Trans I 
1987,2715. 
(130) DeKeukeleire, D.; Blondeel, G. M. Tetrahedron Lett. 1979,15, 1343. 
(131) Johnson, E. S.; Kadam, N. P.; Hylands, D. M.; Hylands, P. J. Brit. Med. J. 
1985,291, 569. 
(132) Murphy, J. J.; Heptinstall, S.; Mitchell, J. R. A. Lancet. 1988, 189. 
(133) Heptinstall, S.; Williamson, L.; White, A.; Mitchell, J. R. A. Lancet. 1985, 
1071. 
(134) Romo, J.; Romo de Vivar, A.; Trevino, R.; Joseph-Nathan, P.; Diaz, E. 
Phytochemistry 1970, 9, 1615. 
(135) Stefanovic, M.; Mladenovic, S.; Dermanovic, M.; Ristic, N. J. Serb. Chem. 
Soc. 1985, 50, 441. 
(136) Bohlmann, F.; Zdero, C. Phytochemistry 1982,21, 2543. 
(137) Needleman, P.; Turk, J.; Jakschik, B. A.; Morrison, A. R.; Lefkowith, J. B. 
Ann. Rev. Biochem. 1986,55, 69. 
(138) DeWitt, D. L.; Smith, W. L. Methods in Enzymology 1990,187, 467. 
(139) Maier, J. A. M.; Hla, T.; Maciag, T. J. Biol. Chem. 1990, 265(19), 10805. 
(140) Ferreira, S. H.; Vane, J. R. in Prostaglandin; Ramwell, P. W.(ed); Plenum 
Press: New York and London, 1974; pp 1. 
(141) Barden, T. P. in Prostaglandin; Ramwell, P. W. (ed); Plenum Press: New 
York and London, 1974; pp 109. 
(142) Smith, W.; Meade, E.; DeWitt, D. J. Biol. Chem. 1993, 268, 6610. 
(143) Nowak, R. The Journal of NIH Research 1993,5, 54. 
(144) Lee, S. H.; Soyoola, E.; Chanmugam, P.; Hart, S.; Sun, W.; Zhong, H.; Liou, 
S.; Simmons, D.; Hwang, D. J. Biol. Chem. 1992, 267, 25934. 
(145) Fu, J. Y.; Masferre, J. L.; Raz, A.; Needleman, P. J. Nat. Prod. 1990, 265, 
16737. 
(146) Hwang, D. H.; Boufreau, M.; Chanmugan, P. J. Nutr. 1988,118, 427. 
(147) Lee, K. H.; Hall, I. H.; Mar, E. C.; Starnes, C. O.; Elgebaly, S. A.; Waddell, T. 
G.; Hadgraft, R. I.; Ruffner, C. G.; Weider, I. Science 1977,196, 533. 
(148) Talaga, P.; Schaeffer, M.; Mattes, H.; Benezra, C.; Stampf, J. L. Tetrahedron 
1989,45, 5029. 
(149) Castaneda-Acosta, J.; Fischer, N. H.; Vargas, D. J. Nat. Prod. 1993, 56, 90. 
(150) Pentes, H. G. Dissertation of ph. D. Louisiana State University, 1991,46. 
(151) Sigal, E. Am. J. Physiol. 1991,260, L13. 
(152) Govindachari, T. R.; Joshi, B. S.; Kamat, V. N. Tetrahedron 1965, 21, 1509. 
(153) Ogura, M.; Cordell, G. A.; Farnsworth, N. R. Phytochemistry 1978,17, 957. 
(154) Quick, A.; Rogers, D. J. Chem. Soc. Perkin Trans. II1976, 5, 465. 
(155) Parodi, F. J, Dissertation of ph. D., Louisiana State University: 1988. 
(156) Pelletier, S. W.; Chokshi, H. P.; Desai, H. K. J. Nat. Prod. 1986,49, 892. 
(157) Mabry, T. J.; Miller, H. E.; Kagan, H. B. Tetrahedron 1966, 22, 1139. 
(158) Wilzer, K. A.; Han, A. C.; Zambrano, I. C.; Fronczek, F. R.; Watkins, S. F. 
Acta. Cryst. Crys. Structure Communications 1988, C44, 1221. 
(159) Asher, J. D. M.; G, A. S. J. Chem. Soc. 1965, 6041. 
(160) Coggan, P. J. Chem. Soc. 1969, 237. 
(161) Fischer, N. H.; Mabry, T. J. Tetrahedron 1967,23, 2529. 
(162) Vargas, D.; Fronczek, F. R.; Fischer, N. H. J. Nat. Prod. 1986,49, 133. 
(163) Herz, W.; Sharma, R. P. J. Org. Chem. 1975, 2557. 
(164) Geissman, T. A. Phytochemistry. 1968, 7, 656. 
(165) Geissman, T. A.; Mukherjee, R. J. Org. Chem. 1968,33, 656. 
(166) Fischer, N. H.; Wiley, Jr., R. A.; Lin, H.-N.; Karimian, K.; Politz, S. M., 
Phytochemistry 1975,14, 2241. 
(167) Fischer, N. H.; Wiley, R. A.; Perry, D. L. J. Org. Chem. 1976, 41, 3956. 
(168) Tak, H.; Fronczek, F. R.; Fischer, N. H. Phytochemistry, accepted. 
(169) Tak, H.; Fronczek, F. R.; Fischer, N. H. Spectroscopy Lett. 1994,27, 1431. 
(170) Tak, H.; Fronczek, F. R.; Fischer, N. H. Acta Cryst. 1993, C49, 1990. 
VITA 
Heekyung Tak was born in Seoul, Korea on May 7, 1965. She completed her 
secondary education in Korea, graduating in 1984. She received a Bachelor of Science 
Degree in Chemistry in February of 1988 at Kyeong Hee University, Seoul, Korea. In 
January of 1990, she came to Louisiana State University, Baton Rouge, where she is 
currently a candidate for the degree of Doctor of Philosophy in the Department of 
Chemistry. 
175 
DOCTORAL EXAMINATION AND DISSERTATION REPORT 
candidate: Heekyung Tak 
Major Field: Chemistry 
Title of Dissertation: Struc,ure Elucidation and Chemistry of Plant Natural 
Products in Search of Bioactive Compounds 
Approved: 
Major Professor and Chairman 
Dean of the Graduate School 
EXAMINING COMMITTEE: 
•<rt\ ^ iU' ^ -
Date of Examination: 
3 / 3 1 / 9 5  
